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The  Vertebration  of  the  Tail  of  Appendiculariae. 
By  George  Lefevre. 

Wliile  ihe  Johns  Hopkins  Murine  Laboratory  was  stationed  at  Port 
Henderson,  Jamaica,  in  the  summer  of  1893,  I  collected  some  Appendi- 
culariae whicli  upon  examination  exhibited  a  striking  irregularity  in  the 
so-called  vertebration  of  the  tail.  After  returning  to  the  laboratory  iu 
Baltimore  1  carefully  studied  my  specimens  with  the  aid  of  an  oil-immer- 
sion lens,  and  convinced  myself  that  the  interruption  in  the  continuity  of 
the  muscle-fibres  of  the  tail  is  merely  au  artificial  one,  and  docs  not  repre- 
sent a  true  metamerism,  as  usually  describe<l.  In  the  living  animals  no 
breaks  in  the  muscle-fibres  were  observed,  and  so  far  as  I  am  aware,  this 
appearance  has  never  been  seen  except  in  preserved  specimens. 

The  muscle-fibres  in  the  tail  of  Appendiculariae  are  arranged  in  two 
layers  or  plates,  a  dorsal  and  a  ventral  one,  while  between  them  lie  the 
uotochord  and  nerve-cord.  At  definite  intervals  the  muscle-fibres  are  seen 
to  be  interrupted  by  transverse  splits,  which  involve  both  tlie  dorsal  and 
ventral  layers  at  about  the  same  level;  the  number  of  these  splits  is  per- 
fectly constant.  By  using  a  high  power  of  the  microscope  the  artificial 
character  of  the  splits  becomes  apparent,  and  the  ragged  ends  of  the  broken 


Fig.  1.  Fig.  2. 

fibres  are  clearly  seen,  where  they  have  been  torn  apart.  Usually  these 
transverse  splits,  a  surface  view  of  which  is  shown  diagrammatically  in 
Fig.  1,  extend  uninterruptedly  across  the  entire  width  of  the  layer  of 
muscle-fibres,  hut  in  many  cases  they  are  represented  by  zig-zag  rows  of 
isolated  clefts,  Fig.  2.     This  condition,  where  only  some  of  the  fibres  have 


been  broken,  while  the  rest  have  remained  intact,  certainly  cannot  be 
taken  as  representing  a  true  vertebration.  In  those  specimens,  in  which 
the  transverse  splits  were  continuous  across  the  whole  width  of  the  tail,  all 
of  the  splits  were  of  this  character,  while  in  those  exhibiting  the  zig-zag 
rows  of  isolated  clefts  no  continuous  splits  were  found.  Other  splits, 
besides  the  transverse  ones,  are  frequently  seen;  of  these  some  are  simply 
large  irregular  clefts  of  no  uniform  character  and  lying  anywhere  along 
the  tail,  while  others  have  a  peculiar  and  constant  form.  The  latter  are 
circular,  the  splitting  having  taken  place  in  such  a  way  as  to  completely 
isolate  in  the  centre  of  the  circle  a  little  group  of  portions  of  muscle-fibres. 
There  were  two  or  three  splits  of  this  kind  in  nearly  every  specimen  which 
I  examined,  one  always  occurring  near  the  base  of  the  tail  and  close  to  the 
large  caudal  ganglion ;  such  a  split  is  shown  in  Fig.  3. 

Lankester*  described  seven  myotomes  in  the 
tail  of  FritUlaria  furcata,  while  Langerhans  f  states 
that  in  the  species  of  Oikopleura  and  Frilillaria, 
which  he  examined,  ten  muscle  segments  were 
present.  In  my  specimens,  however,  the  number 
of  such  divisions  of  the  muscle-fibres  was  always 
nine.  In  the  article  just  referred  to,  Lankester 
says,  "  I  could  not  trace  a  distinct  fibrous  septum 
separating  the  myotomes  from  one  another,  but 
merely  a  break  in  the  continuity  of  the  muscular 
fibres.  It  is  probable  that  a  very  delicate  mem- 
brane separates  each  myotome  from  its  successor, 
but  my  specimens  did  not  enable  me  to  distin- 
guish such."  I  have  examined  my  specimens 
with  an  oil-immersion  lens  both  as  whole  objects 
and  in  sections,  and  am  confident  that  no  such  membrane  is  present,  and 
that  the  appearance  which  Lankester  did  see,  namely,  "  merely  a  break  in 
the  continuity  of  the  muscular  fibres,"  is  the  true  condition. 

1  had  at  my  disposal  some  Appendiculariae  which  had  been  collected  by 
the  U.  S.  Pish  Commission  iu  the  Gulf  Stream,  and  which  belonged  to  the 
same  genus,  Oikopleura,  as  the  Jamaica  specimens ;  these  were  found  on 
careful  examination  to  exhibit  not  the  slightest  trace  of  breaks  of  any  kind 
in  the  muscle-fibres.  On  gently  stretching  the  tails  of  these  Appendiculariae 
between  forceps,  I  was  enabled,  however,  to  produce  in  several  cases  the 
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♦Quart.  Jouru.  Micr.  Sc,  Vol.  22,  p.  387. 
tZeitschr.  fur  Wiss.  Zool.,  Vol.  34,  p.  IM. 
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entire  number  of  eight  transverse  splits,  exactly  similar  to  the  ruptures 
shown  in  my  other  specimens.  I  mention  this  as  furnishing  additional 
evidence  of  the  artificial  nature  of  the  breaks. 

In  the  light  of  the  above  facts  there  can  scarcely  be  a  doubt  that  the 
splits  observed  in  the  tail  of  Appendiculariae  are  due  to  the  shrinking  of 
the  muscle-fibres,  caused  by  the  action  of  reagents.  That  they  have  only 
been  seen  in  preserved  specimens;  that  frequently  the  transverse  splits  are 
not  continuous  across  the  entire  width  of  the  tail,  but  are  simply  rows  of 
isolated  clefts ;  that  other  breaks  are  present  besides  the  transverse  ones ;  that 
no  fibrous  septa  exist  between  the  divisions  of  the  fibres ;  that  in  some  cases 
no  splits  at  all  are  to  be  found,  as  in  the  specimens  obtained  from  the  Fish 
Commission  ;  and  finally,  that  when  highly  magnified,  the  splits  appear  so 
evidently  to  be  merely  tears  in  the  fibres, — all  these  facts  point  conclu- 
sively to  the  artificial  character  of  the  interruptions  in  the  continuity  of 
the  muscle-fibres. 

Just  why  the  transverse  splits  should  take  place  at  definite  intervals  is 
a  question  upon  which  I  am  not  able  to  throw  any  light.  The  only  other 
structures  which  do  occur  at  regular  intervals  in  the  tail,  arc  the  paired 
nerves  which  are  given  ofi'  from  the  nerve-cord,  and  it  might  lie  that  the 
splitting  of  the  muscle-fibres  at  definite  pomts  is  in  some  way  connected  with 
their  innervation.  This  supposition  is  strengthened  by  the  fact  that  one 
pair  of  nerves  is  present  for  each  myotome  in  the  tail  of  Appendiculariae. 

The  irregular  splits  evidently  are  purely  accidental,  while  those,  which 
exhibit  a  constant  circular  form,  might  also  be  connected  with  the  inner- 
vation. 

In  my  specimens  I  was  unable  to  satisfactorily  stain  the  nerve-cord  and 
"spinal"  nerves,  and  hence  can  say  nothing  as  to  the  distribution  of  the 
nerves  or  their  endings  in  the  muscle-fibres.  I  hope,  however,  this  summer 
to  collect  more  material,  and  with  fresh  specimens  to  be  enabled  to  success- 
fully stain  the  nerves. 

I  would  say  in  conclusion  that  the  tendency  of  the  muscle-fibres  in  the 
tail  of  the  Appendiculariae  to  break  at  definite  intervals  may  be  regarded  as 
the  first  step  towards  an  incipient  vertebration.  Lankester's  view,  tliat  this 
"metamerism"  is  "most  satisfactorily  explained  as  a  remnant  of  a  more 
fully  e.'ipressed  'vertebration,'  which  was  possessed  by  a  larger  and  more 
elaborate  ancestor  of  the  Appendiculariae,  of  which  existing  forms  are  the 
reduced  and  degenerate  descendants,"  would  appear  in  the  light  of  the  above 
facts  to  be  untenable. 

I  am  indebted  to  Dr.  Bigelow  of  the  Massachusetts  Institute  of  Technology, 
for  specimens  of  Appendiculariae,  which  he  has  kindly  placed  at  my  disposal. 


Origin  of  the  "Nasutus"  (Soldier)  of  Eutermes. 
H.  McE.  Knower. 


Bv 


In  his  monograph  on  Termites,  Dr.  Hagen  pointed  out  that  certain 
species  of  his  sub-genus  Eutermes  were  peculiar  in  having  an  individual 
not  found  elsewhere.  He  called  this  form  "  nasutus,"  on  account  of  the 
nose-like  process  of  the  head,  and  believed  it  to  be  a  worker,  though  always 
spoken  of  by  observers  as  a  soldier.  He  however  made  the  following  state- 
ment: "But  it  seems  useless  to  theorise  as  to  their  significance,  and  an 
explanation  must  be  sought  in  further  observations." 

Since  Dr.  Hagen's  contribution  such  observations  have  not  been  forth- 
coming. 

While  in  Jamaica,  in  1891,  I  found  a  species  of  Eutermes  very  numerous, 
living  in  large  conical  nests  built  chiefly  in  trees.  This  species  undoubtedly 
belongs  within  the  sub-genus  Eutermes,  and  is  probably  nearly  related  to 
Termes  Rippertii ;  but,  following  Dr.  Hagen's  classification,  it  certainly 
must  be  ranked  as  a  distinct  and  new  species. 

Communities  of  this  species  have  two  kinds  of  wingless  individuals, 
which  I  shall  speak  of  as  workers  and  soldiers  (these  latter  are  "nasuti"). 
The  workers  are  not  remarkable.  They  are  .5  mm.  long,  and  have  14 
segments  to  the  antenna.  The  head  is  lai-ge,  and  bears  well-developed, 
strong  mandibles.  It  is  quite  flattened  from  before  back.  The  abdomen 
is  large,  and  distended  by  its  load  of  wood,  causing  the  animal  to  move 
sluggishly. 

The  soldier  is  quite  unlike  the  worker  in  both  structure  and  habits.  It 
is  a  "nasutus,"  is  4  mm.  long,  has  antennae  of  13  joints,  and  its  mandibles 
are  extremely  small.    The  whole  creature  is  smaller  than  the  worker;  the 


difference  being  chiefly  however  in  the  size  of  the  abdomen,  which  is  very 
much  smaller  in  the  "nasutus."  As  a  result  of  this,  the  animal  can  move 
much  more  actively  than  tlie  worker. 

The  head  is  the  most  remarkable  part  of  the  "nasutus."  As  Dr.  Hagen 
pointed  out,  it  is  somewhat  pear-shaped.  The  long  nose-like  process  runs 
out  anteriorly  over  the  mouth  to  a  point,  and  expands  posteriorly  to  form 
the  globular  head.  The  head  is  black  and  highly  polished.  Inside  of  it 
Dr.  Hagen  saw  a  retort-shaped  vesicle,  which  lay  among  the  muscles  and 
opened  to  the  exterior  at  the  point  of  the  nose.  A  light  spot,  on  either 
side  of  the  base  of  the  nose,  has  been  described  as  an  eye.  Several 
observers  have  seen  a  drop  of  clear  fluid  prnding  from  the  perforated  end 
of  the  nose. 


I  have  examined  sections  of  the  head  of  the  adult  "nasutus,"  as  well  as 
of  larvae  just  preceding  the  last  moult.  These  larvae  are  practically  adult 
in  .structure,  differing  from  full-grown  specimens  chiefly  in  the  amount  of 
connective  tissue  which  everywhere  surrounds  the  organs,  in  their  conse- 
quent white  color,  and  in  the  softness  of  chitinous  structures.  Sections  of 
the  adult  head  show  that  the  vesicle  is  quite  large,  occupying  nearly  a 
thirii  of  the  head  cavity.  It  lies  in  the  posterior  portion  between  the  large 
mandibular  muscles,  which  however  are  not  attached  to  it,  witli  its  upper 
surface  nearly  in  contact  with  the  hypodermis.  To  either  side  there  is  a 
lateral  extension  among  the  muscles,  while  anteriorly  the  cavity  narrows 
down  to  a  funnel  like  process,  which  runs  forward  in  the  median  plane 
over  the  brain.  It  passes  just  above  the  union  of  the  two  halves  of  the 
brain  to  the  end  of  the  snout,  being  surrounded  by  loose  connective  tissue 
in  its  course.  There  is  apparently  no  connection  between  the  cavity  of 
this  vesicle  and  the  tracheal  system  or  the  head-cavity,  but  it  is  entirely 
closed,  except  at  the  one  point  where  it  opens  to  the  exterior.  The  walls 
(except  the  roof)  of  the  vesicle  are  thick  and  formed  of  a  single  layer  of 
high,  columnar,  glandular  cells.  These  have  dense  protoplasm,  a  large 
nucleus  at  the  base,  and  secrete  a  thin  cuticular  lining  to  the  cavity.  The 
roof  is,  however,  very  thin,  and  formed  of  a  flattened  layer  of  epithelial 
cells.  The  cells  of  the  vesicle  rest  on  an  outer  thick  chitinous  membrane, 
which  separates  its  cavity  from  that  of  the  head.  Lining  the  duct  are  small 
flattened  cells,  like  those  of  the  roof  of  the  vesicle  and  of  the  hypodermis. 
The  cuticular  lining  of  the  duct  secreted  by  these  cells  is  quite  thick,  and 
is  folded  in  longitudinal  ridges  in  the  adult.  In  the  lumen  a  refractive 
concretion  is  often  found  in  sections,  which  is  probably  the  hardened  secre- 
tion of  the  glandular  cells  of  the  vesicle.  At  the  base  of  the  nose,  just 
under  the  hypodermis  and  above  and  in  front  of  the  brain,  there  is  a 
collection  of  what  appear  to  be  large  ganglion  cells,  but  no  connection  has 
been  traced  between  them  and  the  brain  or  other  structures.  These  cells 
extend  out  nearly  to  the  end  of  the  snout.  Similar  cells  are  found  in  the 
hypodermis  of  the  abdomen,  but  widely  separated  and  few  in  number. 
Sections  show  no  trace  of  eyes. 

Dr.  Hagen  saw  similar  vesicles,  lying  among  the  muscles  of  the  head  and 
openiug  on  a  slight  protuberance,  in  winged  individuals  and  in  ordinary 
soldiers  of  several  species.  He  believed  them  to  be  glands  which  pour  out 
their  secretion  when  pressed  by  the  muscles  of  the  mandibles.  The  struc- 
ture of  the  vesicle  of  the  Jamaican  "  nasutus  "  is  certainly  glandular,  but  I 
have  never  seen  any  fluid  flow  from  it,  though  observing  the  soldier  carefully. 

Though  this  gland  is  such  a  prominent  feature  in  the  structure  of  the  head 
of  the  nasutus  of  the  Jamaican  species,  there  is  no  trace  of  it  in  the  worker's 
head.    A  large  number  of  workers  and  larvae  of  all  sorts  were  examined 
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without  any  sign  of  the  Rland,  cx(0|)t  in  achilt  "nasuti"  ami  in  young 
"nasnti"  ready  for  tlieir  last  nionlt.  Adult  nasuti  arc  relatively  few  as 
conipaied  with  workers,  so  it  was  not  suriirising  to  find  few  larval  nasuti ; 
but  it  seemed  for  a  long  time  very  odd  that,  among  hundreds  of  larvae,  no 
larval  soldiers  were  found  younger  than  the  stage  just  preceding  the  last 
moult.  This  was  explained,  as  well  as  the  origin  of  the  nasutus,  when  at 
last  a  MW/tcr-/iAe  larva  was  found  nearly  as  large  as  a  young  nasutus,  with  13 
joints  to  the  antennae,  and  with  worker  head  and  jaws.  This  worker-like 
larva  had  a  small  head-ghind  with  no  nose  process  outside  of  head,  thongli 
sections  sliow  essentially  the  same  structure  in  the  gland  as  that  of  the 
"  nasutus." 

Another  specimen,  discovered 
later,  settled  the  matter;  and 
proved  conclimively  that  Ike  "na.s-«- 
lus"  i.%  like  the  more  ordinary  fm-m 
of  soldier,  merely  a  more  fpeciul- 
ized  worker.  This  is  a  young 
"  nasutus,"  fi.xed  in  the  act  of 
withdrawing  from  its  younger 
larval  skin.  The  antennae  and 
legs  are  hut  half  way  out  of  the 
exuviae,  which  without  doubt 
was  the  skin  of  a  worker  larva, 
as  shown  by  the  head  and  jaws. 
These  latter  are  large  in  worker 
larvae,  while  in  the  "  nasuti  " 
they  are  extremely  small. 

Though  the  presence  of  the 
head-gland   has   therefore   fur- 
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nished  conclusive  proof  of  the  origin 
of  the  "nasutus"  from  the  worker 
larva ;  I  have  as  yet  been  unable  to 
trace  the  formation  of  this  peculiar 
vesicle,  since  my  material  contains  so 
few  of  the  early  stages  of  the  "  nasutus." 
I  hope  to  study  this  question  later.  The 
"nasuti"  are  undoubtedly  soldiers, 
though   they   lack  the   powerful  jaws 

found  in  soldiers  of  other  species.  They  apparently  never  work.  They 
perform  all  the  functions  of  soldiers  when  advancing  with  a  column  of 
workers;  marching  on  either  flank,  keeping  the  workers  in  line,  and  send- 
ing out  scouts  in  all  directions.  They  stand  on  guard  in  a  line  around  the 
workers  when  these  are  busy,  and  on  an  attack  assemble  from  all  sides  to 
cover  the  retreat.  In  all  respects  they  show  a  remarkable  adaptation  to 
soldier's  duties.  I  have  been  unable  to  determine  whether  the  secretion 
of  the  head-gland  is  poisonous  to  enemies,  but  unless  this  is  the  case  its 
function  is  not  evident.  Some  observations  go  to  prove  that  .ants  avoid 
"nasuti"  while  attacking  workers  fearlessly,  though,  as  has  been  pointed 
out  (Figure  6),  the  latter  have  powerful  jaws.  So  it  would  seem 
that  in  nasute  soldiers  the  snout  with  its  secretion  has  proved  a. better 
weapon  of  defense  than  jaws,  and  consequently  has  been  continually  im- 
proved, while  the  jaws  have  decreased  in  size  and  importance.  The  small 
mandibles  of  the  "  nasutus,"  hidden  at  the  base  of  the  nose,  can  be  of  little 
use  in  fights  with  the  very  active  and  powerful  tropical  ants.  The  long 
projecting  snout  must  constantly  interfere  with  efforts  to  seize  such  an  enemy 
and  be  a  distinct  disadvantage  to  the  soldier.  •    ■       ■ 


This  has  been  offered  as  an 


argument  against  regarding  the  "nasutus"  as  a  soldier,  but  it  merely  in- 
dicates the  less  development  of  the  jaws,  while  calling  attention  to  the  im- 
portance of  the  snout  as  a  weapon. 

Explanation  of  Figures. 

Fig.  4.    Diagrammatic  median  section  of  adult  "  nasutus." 

kg=  Head-gland. 

»n  =  Mandibular  muscles. 

Q?  =  Oesophagus. 

s  =  Sub-oesophageal  ganglion. 

6  =  Brain. 

Fig.  5.    Head  of  worker-like  larva  of  "nasutus,"  from  above,  lying  a  little  on  tlie 
left  side.    Letters  as  above. 
Fig.  6.    Mandibles ;  a,  of  worker  larva ;  6,  of  nasutus. 


The  Development  of  the  Fins  of  Teleosts.  By  Ross 
Granville  Harrison. 

(Preliminary  Communication.) 

[This  work,  undertaken  at  the  suggestion  of  Prof.  M.  Nusshaum,  was 
carried  on  [lartly  in  the  Anatomical  Institute  in  Bonn,  and  partly  in  the 
Biological  Laboratory  of  this  University.] 

Excepting  the  elasmobranch  fishes,  we  have  no  complete  knowledge  of 
the  development  of  the  extremities  of  any  group  of  vertebrates.  The 
skeleton  alone  ha.s  received  due  attention.  The  muscular  system  of  the 
limbs  of  the  higher  vertebrates  has  been  supposed  by  recent  writers  who 
have  touched  upon  the  subject,  to  take  its  origin  from  masses  of  cells 
derived  from  the  myotomes.  These  myotomic  cells  are  in  a  general  way 
to  be  regarded  as  homologous  with  the  cells  of  the  muscle-buds  (Muskel- 
knospen),  out  of  which  the  definitive  muscles  of  the  elasmobranch  fins  are 
known  to  develop.  The  following  observations  made  upon  the  salmon 
(Salmo  salar)  render  a  modification  of  this  view  necessary. 

The  Unpaired  Fins. 

The  unpaired  fins  arise  as  proliferations  of  the  mesenchyme  cells,  which, 
in  the  form  of  a  loose  meshwork,  fill  the  median  fin  folds.  The  caudal  fin 
is  the  first  to  appear,  and  is  followed  by  the  dorsal,  the  anal,  and  the  adipose, 
in  the  order  named. 

Shortly  after  the  dorsal  thickening  has  appeared,  muscle-buds  appear  at 
the  anterior  dorsal  angles  of  the  myotomes  of  that  region,  and  grow  rapidly 
into  the  fin-rudiment,  a.s  has  been  described  by  Dohm  {Studien  IX.  Mil- 
theilungen  aus  der  Zool.  Sla.  zu  Neapel,  Bd.  VI).  These  processes  converge 
considerably  towards  one  another,  so  that,  while  the  middle  ones  project  at 
right  angles  to  the  long  axis  of  the  body  of  the  fish,  those  at  each  end  of 
the  fin  cut  the  axis  at  an  angle  of  about  forty-five  degrees.  Cross  sections 
show  that  the  buds  are  solid ;  a  few  cells  are  enclosed  by  an  epithelium 
of  similar  cells.  The  nuclei  closely  resemble  those  of  the  mesenchyme 
and  the  cell  boundaries  are  indistinct.  The  buds  are  continuous  with  the 
cells  of  the  lateral  layer  of  the  myotomes  (cutis-plate).  Similar  buds  grow 
out  from  the  anterior  ventral  angle  of  the  myotomes  in  the  region  of  the 
anal  fin.  The  tail  fin  also  receives  outgrowths  from  several  of  the  terminal 
myotomes ;  the  adipose  fin  never  contains  muscle-buds  or  muscle-tissue  of 
any  kind.  As  the  buds  grow  farther  into  the  fin-rudiment,  their  outer  ends 
become  enlarged  and  somewhat  flattened  against  the  epidermis,  in  which  a 
considerable  bulging  is  caused.  The  stalk  now  disintegrates,  and  its  com- 
ponent cells  can  no  longer  be  distinguished  from  the  mesenchyme.  In  the 
meantime  the  nuclei  which  lie  in  the  median  half  of  each  bud  accumulate 
considerable  cytoplasm  as  a  first  step  towards  diflTerentiation  into  muscle 
cells.  These  masses  of  embryonic  muscle  cells  now  grow  centripetally; 
they  ultimately  become  the  erector  muscles  of  the  fin-rays.  The  lateral 
half  of  the  bud  now  loses  its  identity  as  a  cell-mass,  having  become  undis- 
tinguishable  from  mesenchyme,  but  very  soon  the  cells  which  lie  opposite 
the  peripheral  end  of  each  bud  accumulate  more  cytoplasm,  and  these 
masses  also  grow  towards  the  body,  remaining  close  to  the  epidermis.  They 
ultimately  become  the  superficial  muscles  of  the  rays,  which  in  the  adult 
take  origin  from  the  skin.  By  this  time  the  mesenchyme  has  developed  to 
such  an  extent  that  the  muscle  masses  are  not  at  all  clearly  defined,  so  that 
it  is  impossible  to  draw  a  sharp  dividing  line  between  nuclei  which  will 
ultimately  belong  to  muscle  and  those  of  the  connective  tissue. 

By  this  time  cartilaginous  rods,  alternating  with  the  muscle-pairs,  have 
appeared  in  the  middle  plane  of  the  fin.  These  become  the  interspinal 
bones  which  support  the  rays  of  the  dorsal  fin ;  in  the  anal  fin  they  are  the 
interhaemals.  The  chondrification  takes  place  centripetally.  I  shall  call 
them  ray -supports. 

Horizontal  sections  of  this  stage  show  clearly  the  serial  arrangement  of 
the  various  structures  of  the  fin.  Opposite  the  cartilaginous  rods,  the  ecto- 
derm is  constricted  to  a  marked  degree.  At  these  constrictions  mesenchyme 
cells  have  aggregated  close  to  the  ectoderm,  forming  loose  strands  of  r«lls, 
one  on  each  side  of  each  ray-support.  This  is  the  beginning  of  the  defini- 
tive depressor  muscles  of  the  fin-rays. 

The  dermal  rays  now  begin  to  develop,  in  lines  which  are  distally  con- 
tinuous with  each  erector  muscle  rudiment,  the  cells  of  which  are  not 
separated  from  those  of  the  corresponding  rays  by  any  sharp  dividing  line. 
Considerably  later  a  small  nodule  of  cartilage  is  formed  at  the  tip  of  each 


60 


JOE^'S  HOPKINS 


[No.  in. 


cartilaginous  ray-support,  wliich  has  in  the  meantime  become  considerably 
bent  with  its  convexity  forward.  Each  pair  of  dermal  rays  grasps  with  its 
basal  end  the  corresponding  cartilaginous  ball,  and  a  strong  fibrous  tissue 
binds  them  together.  Muscles  now  become  inserted  into  this  mass,  in  such 
a  manner  that  each  ray  receives  one  pair  of  each  of  the  three  muscles 
belonging  to  each  segment  of  the  fin.  Anterior  to  the  pivot  on  which  the 
cartilaginous  ball  rests,  the  erector  is  attached ;  posterior  to  the  pivot,  the 
depressor,  and  the  muscle  which  takes  origin  from  the  skin.  The  depressor 
and  the  erector  arise  from  the  ray-supports.  The  fin  has  now  practically 
reached  its  adult  condition  except  that  the  cartilaginous  skeleton  has  not 
yet  ossified. 

The  above  account  holds  good  only  for  those  segments  which  do  not  lie 
at  the  ends  of  the  fin.  In  the  first  two  or  three  segments  the  course  of 
development  is  considerably  modified,  although  the  same  definitive  arrange- 
ment is  reached. 

The  number  of  myotomes  which  produce  buds  is  variable,  but  as  a  rule 
ten  or  eleven  reach  the  dorsal  fin,  and  eight  the  anal.  Both  anterior  and 
posterior  to  these,  buds  may  be  formed,  but  they  do  not  reach  more  than 
rudimentary  development.  The  number  of  these  buds  is  very  variable. 
When  the  cai-tilage  has  just  begun  to  appear,  and  the  muscle-masses  are  ou 
their  way  to  segregation  from  the  surrounding  mesenchyme,  these  rudi- 
mentary buds  have  disappeared,  presumably  having  disintegrated  into 
ordinary  mesenchyme  tissue.  Both  anterior  and  posterior  to  the  regularly 
formed  muscles,  are  paired  masses  of  closely  packed  mesenchyme  cells  which 
form  a  distinct  layer  under  the  epidermis.  These  masses  are  undoubtedly 
derived  both  from  the  original  mesenchyme  of  the  fin  and  from  the  breaking 
down  of  the  rudimentary  buds.  The  posterior  mass  of  each  side  difleren- 
tiates  into  two  muscles,  one  corresponding  to  the  erectors,  the  other  to  the 
skin  muscles.  These  become  attached  to  the  posterior  ray  of  the  fin.  A 
depressor  muscle  is  wanting  in  the  case  of  this  ray. 

Anterior  to  the  first  of  the  regularly  formed  muscles  is  a  cartilaginous 
ray-support,  and  anterior  to  this  are  the  masses  or  laminae  of  undiflferenti- 
ated  cells  described  above.  In  the  middle  plane,  anterior  to  the  first  car- 
tilage, at  the  regular  distance  existing  between  the  other  ray-supports,  cells 
aggregate,  and  later  chondrify,  forming  another  ray-support.  That  portion 
of  the  undiiferentiated  cell  mass  lying  between  this  new  cartilage  and  the 
one  next  succeeding  it,  segregates  from  the  rest,  and  from  it,  muscles  cor- 
responding to  those  of  the  region  of  the  muscle-buds  are  developed.  This 
process  continues  until  the  usual  number  of  rays  and  muscles  found  in  the 
adult  fin  is  reached.  In  Salmo  salar  this  is  fourteen  in  the  dorsal  and  ten 
in  the  anal.  The  anterior  ray-support  and  its  muscles  are  not  so  fully 
developed  as  the  others. 

Each  fin  is  innervated  by  a  series  of  spinal  nerves.  The  nerves  of  each 
fin  are  connected  by  a  longitudinal  commissuie  which  is  a  branch  of  the 
ramus  lateralis  vagi.  I  am  unable  at  present  to  trace  the  development  of 
this  interesting  plexus. 

In  late  embryonic  and  in  the  adult  stages  the  metamerism  of  the  fin 
corresponds  to  that  of  the  body  of  the  fish.  In  earlier  stages  the  fin  is  more 
concentrated,  as  exhibited  by  the  strong  convergence  of  the  muscle  buds 
which  enter  into  it.  This  varies,  however,  greatly  in  difierent  species  and 
is  a  matter  to  which  but  little  importance  is  to  be  attached. 

The  Ventral  Fin. 

The  ventral  fin  appears  considerably  later  than  the  median  fins.  The 
first  traces  of  it  to  be  seen  are  slight  aggregations  of  cells  in  the  body  wall 
just  below  the  ventral  edge  of  the  myotomes  which  lie  in  the  region  of  the 
dorsal  fin.  About  the  same  time  the  epidermis  covering  these  parts  becomes 
considerably  thickened  through  multiplication  of  its  cells.  Before  the  aggre- 
gations of  mesenchyme  cells  become  very  conspicuous,  muscle-buds  grow  out 
from  the  anterior  ventral  angle  of  each  myotome  in  this  region.  About  six 
enter  the  fin-rudiment ;  those  at  each  end  of  it  projecting  very  obliquelv  to 
the  axis  of  the  body,  converge  towards  the  middle  of  the  fin. 

Dohrn  {Studien  IX,  p.  401)  draws  a  sharp  distinction  between  the  mode 
of  origin  of  the  musculature  of  the  anal  fin  and  that  of  the  ventral.  In 
this  he  is  followed  by  Kaestner  {Arch.f.  Anal.  u.  Physiol.  Anat.  Abt,  1892, 
p.  200).  Dohrn  remarks  that  while  the  anal  fin  derives  its  muscles  from 
muscle  buds,  the  musculature  of  the  ventral  originates  "  ohne  Vermittelung 
von  Muskelknospen,  direct  durch  Einwachsen  der  Musculatur  vom  Urwirbel 
aus,  wie  sich  leicht  an  Lacbs-  und  Forellenembryonen  nachweisen  llisst."  I 
am  unable  to  confirm  this  statement  as  my  preparations,  both  surface  views 


and  sections,  show  distinctly  that  the  muscle-buds  which  grow  into  the 
ventral  fins  are  similar  to  those  which  enter  the  anal,  except  that  the  latter 
are  considerably  larger. 

At  this  stage  nerve  fibres  from  the  spinal  nerves  of  corresponding  seg- 
ments which  give  off  muscle-buds  may  be  detected  in  the  fin.  This  is  a 
very  much  earlier  stage  than  the  earliest  at  which  nerves  could  be  seen  in 
the  median  fins. 

The  mesenchyme  proliferates  rapidly,  while  the  ectoderm  is  raised  into 
a  fold  which  projects  from  the  ventro-lateral  surface  of  the  body,  parallel 
to  its  long  axis.  The  mesenchyme  forms  a  compact  mass  lying  under  the 
epidermis ;  the  region  next  to  the  somatopleure  is  filled  with  less  densely 
packed  tissue.  The  muscle-buds  project  far  into  the  fin,  but,  unlike  those 
in  the  paired  fins,  are  separated  from  the  epidermis  by  a  layer  of  mesen- 
chyme.   Ver)' soon -the  buds  disintegrate. 

The  region,  in  which  the  first  steps  towards  dlflferentiation  of  muscle  first 
appear,  is  the  space  previously  occupied  by  the  muscle-buds.  From  the 
very  first  there  are  no  traces  of  metamerism  in  this  muscle,  although  it 
is  safe  to  assume  that  the  cells  from  the  buds  take  part  in  its  formation. 
About  the  same  time,  at  a  corresponding  position  on  the  opposite  or  inner 
side  of  the  fin,  a  similar  differentiation  takes  place.  It  is  not  so  likely 
that  cells  from  the  muscle-buds  take  part  in  this.  Between  these  two 
muscle-layers  the  cartilaginous  skeleton  has  by  this  time  appeared.  The 
development  of  the  skeleton  has  received  such  thorough  treatment  at  the 
hands  of  Wiedersheim  and  others  as  to  render  further  mention  of  it  here 
unnecessary. 

The  fin  rotates  so  that  its  line  of  attachment  to  the  body  makes  an  angle 
of  about  forty-five  decrees  with  the  long  axis  of  the  body.  The  inner 
muscle,  of  which  the  beginning  was  described  above,  becomes  the  pro- 
tractor or  abductor  profundus,  and  the  outer,  the  retractor  or  adductor 
profundus.  The  superficial  nmscles  develope  before  the  twisting  of  the 
fin  takes  place.  They  are  formed  through  diflTerentiation  of  the  mesen- 
chyme cells  which  lie  between  the  deeper  muscles  and  the  epidermis.  It 
is  extremely  improbable  that  cells  from  the  muscle-buds  take  any  part  in 
their  make  up.  The  muscles  and  skeleton  grow  forward  in  the  body  wall 
between  the  ventral  ends  of  the  myotomes,  so  that  eventually  only  a  very 
small  portion  of  each  of  the  muscles  lies  in  the  free  extremity.  In  embry- 
onic stages  these  muscle-masses  are  continued  distally,  without  sharp 
dividing  line,  into  the  mother-cells  of  the  dermal  rays. 

The  Pectoral  Fin. 

The  pectoral  fin  diverges  from  the  primitive  type  more  than  the  other 
fins,  both  in  its  definitive  structure  and  in  its  course  of  development.  It 
develops  considerably  earlier  than  the  others,  and  lack  of  histological 
differentiation  of  the  tissues  at  that  time  renders  its  study  more  difficult. 

The  first  trace  of  this  fin  is  to  be  seen  in  a  thickening  of  the  somato- 
pleure ;  the  thickening  of  the  ectoderm  and  its  fold  arise  later.  This  is  in 
accordance  with  Boyer's  observations  on  Fundulus  {Bulletin  Mus.  Comp. 
ZoSl,  Vol.  XXIII,  No.  2).  The  thickened  portion  of  the  somatopleure 
is  not  confined  to  the  "pectoral  plate,"  but  extends  to  the  portions  of 
the  splanchnopleure,  on  the  same  level,  and  through  the  nephrostome 
to  the  Woltiian  duct.  This  thickened  portion  of  the  peritoneum  is  due  to 
the  cuboidal  or  columnar  character  of  the  epithelum  composing  it.  Ante- 
riorly, laterally,  and  posteriorly  to  it,  the  cells  flatten  out.  There  is,  just 
anterior  to  it,  a  portion  of  the  body  wall  in  which  are  numerous  mesen- 
chyme cells,  derived  from  the  head  mesoderm.  Ziegler  [Arch.f.  Mikr.  Anat., 
Bd.  XXX)  has  regarded  this  as  the  rudiment  of  the  fin.  Study  of  the  later 
stages  shows,  however,  that  this  region  lies  completely  anterior  to  that  in 
which  the  fin  develops. 

At  a  somewhat  later  stage,  the  cells  belonging  to  the  pectoral  plate 
become  much  more  distinctly  columnar  than  the  others ;  and,  multiplying 
rapidly,  soon  become  several  layers  thick,  and  are  much  more  densely 
packed  than  those  lying  anterior  to  them.  A  thickening  of  the  epidermis 
now  takes  place,  which,  unlike  that  of  the  ventral  fin,  consists  in  an 
increase  in  size  of  the  individual  cells  and  not  in  a  multiplication  of  the 
same.  At  the  crest  of  the  prominence  which  the  proliferation  of  the  meso- 
derm has  caused,  the  ectoderm  is  thrown  into  a  fold,  paraOel  to  the  axis  of 
the  body  and  extending  through  three  somites.  In  cross  section  the  struc- 
ture is  triangular ;  the  somatopleure,  which  extends  out  over  the  yolk  sac, 
is  its  base,  and  is  nearly  horizontal.  In  profile  the  crest  is  semicircular. 
Through  rapid  proliferation  of  the  mesoderm  cells,  the  prominence  becomes 
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much  more  pronounced  and  soon  the  height  greatly  exceeds  the  breadth. 
The  cells  which  lie  near  the  base  are  not  so  densely  packed  as  those  lining 
the  ectodermal  walls. 

In  the  nioantime  the  myotomes  h.ive  sent  out  proccs.ses  from  their  ven- 
tral growing  edges,  but  instead  of  entering  into  the  (in-rudiment,  as  given 
by  Kacstncr  (/Irc/i.  /.  ^Ijki'.  «.  I'liyn.  Anal.  Ablft.  Juhnj.,  18(12,  p.  200)  for 
Salmo  and  Boyer  for  Funduhis,  tliey  become  greatly  elongated,  and  grow- 
ing forward,  give  rise  to  the  coraco-hyoid  muscle,  as  has  been  described  by 
van  Wijhe  (  Va-h.  d.  Koninh.  Akarl.  van  Wttemchappen,  Amsterdam,  Dccl 
22)  for  Pristiurus,  and  by  van  Beramelen  [Anat.  Amiecja;  Bd.  IV)  for 
Lacerta.  The  first  myotome  is  at  this  stage  quite  rudimentary;  the  second 
and  third  lie  entirely  anterior  to  the  fin  whicli  is  on  a  level  with  the 
fourth,  fifth  and  sixth.  The  anterior  end  of  the  Wolflian  duct  is  opposite 
the  middle  or  posterior  portion  of  the  fifth  segment.  The  first  myotome 
has  no  ventral  process.  The  second,  third  and  fourth  send  out  long  strands 
consisting  entirely  of  cells  from  the  cutis  plate.  These  grow  ventrally 
in  the  somatopleuric  wall  of  the  pericardial  cavity.  After  a  certain  time 
the  first  one  atrophies,  the  second  and  third  bend  forwards,  and  are  followed 
by  the  fourth  (from  the  fifth  myotome),  which  grows  straight  forwards  and 
slightly  ventrally.  The  foremost  one  becomes  attached  to  the  base  of  the 
hyoid  arch  by  means  of  a  tendon,  the  stalks  connecting  the  buds  with  the 
myotomes  atrophy,  and  the  three  buds  unite  to  form  a  muscle  which 
takes  origin  from  the  membranous  shoulder-girdle,  and  is  attached  to  the 
urohyal.  This  muscle  is  still  divided  into  three  segments,  at  least  in  young 
fish,  in  which  the  yolk-sac  is  entirely  absorbed.  The  last  of  these  buds 
extends  for  one  whole  segment  under  the  pectoral  fin  with  the  cells  of  which 
it  is  in  close  contact.  Sections  through  this,  a  little  anterior  to  the  point  of 
origin  of  the  outgrowth,  give  such  a  figure  as  has  been  drawn  by  Kaestner 
(Fig.  32).  This  outgrowth  is  less  well  defined  than  the  others,  and  in  cross 
section  it  can  often  scarcely  be  distinguished  from  the  mesoderm  of  the  fin. 
It  is  not  at  all  unlikely  that  individual  cells  may  detach  themselves  from 
it  and  remain  in  the  fin,  but  it  is  certain  that,  as  a  mass  it  takes  no  part  in  the 
formation  of  the  fin  miiscles. 

The  sixth  myotome  has  a  ventral  process,  which,  however,  does  not  grow 
forward  as  the  others  do.  It  ultimately  pinches  itself  ofT  from  the  whole 
length  of  the  myotome,  and  becomes  an  independent  longitudinal  strand  of 
muscle  fibres  which  runs  dorsal  to  the  attachment  to  the  fin,  but  which  is 
afterwards  probably  incorporated  into  the  lateral  muscle  masses.  The 
seventh  and  succeeding  myotomes  grow  ventrally  and  are  concerned  in 
forming  the  ventral  muscles  of  the  fish. 

The  changes  that  the  fin  has  undergone  are  now  considerable.  The 
attachment  has  constricted  considerably,  at  least  in  comparison  with  the 
free  portion,  which  has  become  a  fan-like  expansion.  With  the  absorp- 
tion of  the  yolk  the  fin  is  brought  to  the  ventro-lateral  surface  of  the  body, 
and  rotating  on  its  axis,  so  that  the  line  of  attachment,  instead  of  being 
parallel  to  the  axis  of  the  body,  now  makes  an  angle  of  about  forty-five 
degrees  with  it,  the  anterior  extremity  is  thus  brought  into  a  corresponding 
position  with  that  described  in  the  posterior.  The  internal  changes  that 
have  taken  place  during  this  time  are  the  differentiation  of  the  central  core 
of  cells  into  cartilage,  and  of  the  proximal  portions  of  the  superficial  mesen- 
chyme layer  into  muscle.  It  may  be  reijarded  as  certain  that  the  cells  ivhich  give 
rise  to  these  muscles  originate  from  the  somatopleuric  thickening,  and,  as  is  the  case 
with  most  of  the  muscles  of  the  ventral  fin,  are  in  no  teay  connected  with  the  myo- 
tomes. At  first  there  are  but  two  muscle-masses,  a  primitive  abductor  or 
protractor,  lying  on  the  outer  side  of  the  cartilaginous  skeleton,  and  an  ad- 
ductor or  retractor  on  the  inner  side.  A  superficial  muscle  is  developed 
later  from  a  mass  of  cells  lying  just  within  the  fin  between  the  deeper 
abductor  and  the  inner  epidermic  wall.  The  superficial  protractor  or  ab- 
ductor does  not  appear  till  much  later  and  probably  arises  through  delami- 
nation  from  the  primitive  muscle,  though  I  am  not  perfectly  convinced 
of  this. 

The  nerves  of  this  fin  are  distinguished  very  early  in  its  development, 
just  as  in  the  ventral,  i.  e.  before  any  difTerentiation  of  the  tissue  has  taken 
place.  They  arise  from  the  first  four  spinal  roots.  The  first  root  corresponds 
to  the  second  myotome,  and  its  ramus  ventralis  unites  soon  with  the  second 
nerve  to  form  the  hypoglossal.  This  gives  ofl"  a  branch  to  the  fin-plexus 
and  one  to  the  coraco-hyoid  muscle.  The  arrangement  is  completed  very 
early  in  the  life  history  of  the  individual  and  seems  to  be  quite  typical 
for  the  teleosts. 


KeCA  PITUIiATION. 

The  mesodermic  structures  of  the  median  fins  are  derived  from  mesenchyme 
cells  derived  from  the  sklerotome,  and  from  muscle-buds,  which  are  out- 
growths of  either  the  dorsal  or  tlie  ventral  edge  of  the  myotomes.  To  a 
certain  extent  these  fins  retain  their  primitive  metamerism,  in  that  each 
muscle-bud  may  be  traced  directly  into  a  certain  muscle  of  each  segment  of 
the  fin.  Other  muscles  are  derived  from  cells  which  are  indistinguishable 
from  mesenchyme  cells,  and  which  are  in  all  probability  to  some  extent  de- 
rived from  the  same.  The  segmentation  of  the  extreme  anterior  portion  of 
the  fins  is  secondary,  although  in  the  adult  no  difference  can  be  seen  between 
the  two  portions. 

The  ventral  fins  show  in  the  early  stages  of  development  traces  of  a  similar 
metamerism.  The  buds,  in  this  case,  soon  disintegrate  and  in  the  space 
occupied  by  them  a  single  muscle-mass  develop.s,  the  adductor  or  retractor 
profundus.  The  other  three  muscles  of  this  fin  are  developed  from  cells 
which  have  arisen  from  the  somatopleure  and  perhaps  also  from  the  sklero- 
tome. This  condition  in  the  teleosts  seems  to  be  a  step  between  the  Elas- 
mobranchs  and  the  Amphibia.  In  Triton  a  few  isolated  cells  break  off  from 
the  ventral  edge  of  several  myotomes  and  mingle  with  the  cells  of  the  pos- 
terior extremity  which  are,  however,  mostly  derived  from  the  somatopleure. 

According  to  Paterson  (Quart.  Journ.  Mic.  Sci.,  Vol.  XXVIII),  the  myo- 
tomes in  the  chick  take  no  part  in  the  formation  of  the  muscles  of  the 
limbs.  Kaestner  has  cast  doubt  upon  this  statement,  but  it  is  doubtful 
whether  his  grounds  for  so  doing  are  sufficient. 

The  pectoral  fin  is  derived  entirely  from  somatopleuric  cells.  The  muscle- 
buds  of  this  region  are  greatly  modified  and  take  part  in  the  formation  of 
the  coraco-hyoid  muscle. 

I  wish  to  postpone  the  full  discussion  of  the  meaning  of  this  diversity  in 
the  origin  of  the  muscles,  until  some  observations  on  other  forms  are  com- 
pleted. It  is  in  all  probability  to  be  referred  to  delay  in  the  differentiation 
of  the  component  parts  of  the  fin  until  they  take  up  their  position  within  it. 
In  other  words,  instead  of  so  much  connective  and  skeletal  tissue,  and  so 
much  muscle  being  contributed  to  the  fin,  it  receives  cells  which  still  retain 
the  potentiality  to  become  any  of  these,  and  their  position  with  regard  to 
surroimding  cells  rather  than  their  origin  determines  their  ultimate  fate. 


Pteropods  with  Two  Separate  Sexual  Openings. 
By  H.  McE.  Knower. 

Having  recently  had  occasion  to  review  the  anatomy  of  Cavolinia  longi- 
rostris,  by  means  of  sections  of  specimens  obtained  by  the  U.  S.  Fish  Com- 
mission Schooner  Grampus ;  I  find  that  the  statement  in  text-books  and 
elsewhere,  that  all  Pteropods  have  but  a  single  external  opening  for  the 
hermaphroditic  sexual  organs,  is  not  correct.  Cavolinia  longirostris  (to 
which  species  my  specimens  apparently  belong)  has  two  distinct  and  separ- 
ate sexual  openings. 

There  is  a  large  hermaphroditic  gland,  lying  posteriorly  and  dorsally 
in  the  visceral  sac,  which  is  asymmetrical,  being  more  developed  on  the 
left  side.  In  this  gland  the  youngest  ova  are  found  in  the  center, 
immediately  around  the  intra-glandular  portion  of  the  duct,  the  oldest 
ova  with  considerable  yolk  at  the  periphery.  The  male  elements  arise 
from  lines  of  cells  running  from  the  periphery  towards  the  center.  A 
single  duct  leaves  the  gland  from  its  anterior  face,  donsally  and  far  to  the 
left.  Receiving  the  seminal  vesicle  near  this  point  of  origin,  the  duct  runs 
over  to  the  right  towards  the  median  plane.  Near  the  middle  line  it  opens 
into  the  anterior  face  of  a  large  glandular  sac,  which  has  much  folded  walls. 
'This  sac  is  the  muciparous  gland,  and  the  duct  ends  on  reaching  it.  Sec- 
tions do  not  show  a  separate  albumen-gland  described  for  the  genus.  They 
do  show  that  some  of  the  folds  of  the  walls  of  the  single  cavity  of  the  gland 
are  lined  with  non-glandular  ciliated  cells,  while  others  have  distinctly 
glandular  cells.  The  seminal  visicle  is,  as  described,  a  long  sacular 
appendage  of  the  duct,  with  its  end  dilated  and  coiled  up  on  the  left  side 
of  the  stomach.  The  muciparous  or  rather  uterine  gland  is  quite  large. 
It  lies  in  the  anterior  portion  of,  and  occupies  most  of  the  left  side  of  the 
visceral  sac.  Quite  near  the  point  where  the  hermaphroditic  duct  opens 
into  the  uterine  gland,  the  vas  deferens  arises  from  the  gland  on  its  anterior 


62 


JOHNS  HOPKINS 


[No.  111. 


right  corner,  to  tlie  left  of  the  median  line.  This  is  a  dosed  ciliated  tube, 
not  a  ciliated  groove,  (in  which  this  species  differs  from  all  other  Ptero- 
pods),  which  curves  around  on  the  right  to  the  dorsal  surface  of  the  fins, 
to  run  anteriorly  and  open  at  the  sac  of  the  invaginated  penis.  On  Ike  left 
side  of  the  uterine  gland,  sections  in  all  pkmes  show  a  secotid  openinjj  from  the 
reproductive  system  to  the  exterior.  This  is  a  slit-like  aperture  on  a  slight 
papilla,  on  tlie  anterior  surface  of  the  visceral  sac  and  to  the  left.  The 
opening  leads  directly  into  a  ciliated  fold  of  the  uterine  gland,  the  ciliated 
cells  of  which  turn  out  at  the  lips  of  the  aperture  and  become  continuous 
with  the  epithelium  of  the  external  surface  of  the  body.  There  can  be  no 
doubt  that  this  is  a  natural  opening,  and  near  it  is  found  the  seminal 
receptacle,  a  thin  walled  sac  filled  with  spermatozoa  and  lying  on  the  left 
face  of  the  uterine  gland.  This  seminal  receptacle  opens  into  a  fold  of  the 
uterine  gland,  not  far  from  the  external  opening  just  described,  which  I 
take  to  be  a  vaginal  opening. 

In  the  possession  of  two  separate  sexual  openings,  Cavolinia  longirostris 
diflFers  from  all  other  Pteropods.  The  opening  on  the  right  side  leading  to 
the  penis  is  perhaps  to  be  homologized  with  the  single  aperture  of  other 
species.  All  that  is  necessary  is  the  closure  of  tlie  usual  ciliated  groove  to 
form  a  tube  to  the  penis,  and  this  is  an  evident  advantage  in  ensuring  the 
transference  of  the  male  products.  Another  opening  (vagina)  becomes  a 
necessity,  as  soon  as  the  more  primitive  right  one  is  given  over  entirely  to 
the  male  products,  and  this  may  account  for  the  new  aperture  on  the  left 
side.  In  other  words,  the  other  Pteropods  represent  the  more  primitive 
condition  of  the  hermaphroditic  duct,  while  Cavolinia  longirostris  has  be- 
come more  specialized  by  the  acquisition  of  a  separate  opening  for  each  sex. 
The  anatomy  of  the  adult  does  not  of  course  show  whether,  as  Korscheldt 
and  Holder  would  put  it,  there  lias  been  a  splitting  of  a  primitively  single 
opening  into  two ;  or  whether  a  new,  independent  opening  has  been  acquired 
into  the  left  side  of  the  uterine  gland.  Perhaps  the  study  of  the  ontogeny 
of  the  sexual  organs  of  this  species  will  settle  the  question. 

Korscheldt  and  Heider,  Lehrbuch  der  vergleichenden  Entwicklungs  geschichle 
der  wirbellosen  Thiere,  page  1088,  fig.  644  c. 

Contrary  to  Pelseneer,  Challenger  report  on  the  Pteropoda,  part  3,  page 
19,  the  heart  of  Cavolinia  longirostris  is  on  the  left  side  agreeing  with  Sou- 
leyet's  figure  of  Cavolinia  tridentata,  for  which  see  Lang,  Lehrbuch  der  venjl. 
anatomic,  page  664,  fig.  469. 

Muscles  in  the  fins  are  distinctly  striated,  a  condition  which  Lang  states 
is  not  found  in  Molluscs,  but  which  Kellogg  found  in  the  adductors  and  heart 
muscles  of  Lamellibranchs.  Paneth,  describing  a  similar  appearance  in  the 
fins  of  Cymbulia  and  Tiedeniannia,  decides  this  is  not  natural  but  artificial 
striation.  I  have  not  been  able  to  study  living  tissue,  but  the  striation,  as  I 
find  it,  is  very  distinct  and  looks  in  every  way  like  ordinary  striated  muscle. 

Ijang.     Lehrbuch  der  vergl.  anatomic,  page  695. 

Kellogg.  A  contribution  to  our  knowledge  of  the  morphology  of  lamellibran- 
chiate  molhiscs.    Bull.    U.  S.  Fish  Commission,  Vol.  10,  1890. 

Paneth.    Arehiv.  Mik.  Analomie.    Bd.  24. 


The  Metamerism  of  the  Dorsal  and  the  Ventral 
Longitudinal  Muscles  of  the  Teleosts.  By  Ross  Gran- 
ville Harrison. 

Under  this  head  are  to  be  considered,  the  mm.  supra-carinales  ;  the  infra- 
carinales  including  the  retractor  ischii;  the  recttis  abdominis,  and  the  coraco- 
hyoideus.  These  muscles  are  all  slender  bands  of  longitudinal  fibres,  are 
paired  in  origin,  and  generally  lie  close  to  the  mid  line,  in  the  case  of  the 
supra-carinales  at  the  dorsal  edge  of  the  lateral  body  muscles  or  myotomes, 
and  in  the  case  of  the  others  at  the  ventral  edge.  Of  the  dorsal  muscles 
there  are  two ;  one  extends  from  the  occipital  to  the  first  ray-support  of  the 
dorsal  fin ;  the  other,  from  the  posterior  ray-support  of  this  fin  to  the  tail. 
The  analogous  muscles  of  the  ventral  side  connect  the  hard  parts  of  the 
extremities  in  a  similar  way.  An  infra-carinal  extends  from  the  anal  fin 
to  the  tail;  a  similar  muscle  originates  from  the  posterior  portion  of  the 
pelvis,  and  running  posteriorly,  encircles  the  anus,  and  is  attached  to  the 
first  ray-support  of  the  anal  fin ;  this  muscle  has  been  called  the  retractor 
ischii.    The  anterior  end  of  the  pelvic  bone  is  connected  with  the  shoulder 


girdle  by  a  similar  muscle.  This  naturally  varies  according  as  the  position 
of  the  ventral  fin  varies  with  respect  to  the  pectoral.  It  varies  also  in  the 
degree  of  its  independence  from  the  lateral  body  muscles.  In  the  salmon 
it  is  a  quite  independent  band  of  muscle  fibres,  and  its  position  in  the  atlult 
and  its  mode  of  development  j  ustify  us  in  homologizing  it  with  the  rectus 
abdominis  profundus  of  the  amphibia.  [See  Maurer,  Der  Aufbau  und  die 
Entwicklung  der  ventralen  Rumpfmuskulatur  bei  deii  Urodelen  Amphibien. 
Mm-ph.  Jahrb.,  Bd.  18.]  Anterior  to  the  shoulder  girdle,  this  muscle  is  con- 
tinued forwards  as  the  eoraco-hyoideus,  which  is  attached  to  the  base  of 
the  hyoid  arch. 

These  facts  regarding  the  myology  of  the  adult  teleosts  have  long  been 
known.  The  points  which  I  am  here  able  to  contribute  to  our  knowledge 
of  their  development  in  the  salmon  may  not  prove  uninteresting. 

Excepting  the  coraco-hyoideus,*  the  anterior  of  the  supra-carinales  is  the 
first  to  make  its  appearance.  In  the  region  of  the  anterior  myotomes  of 
embryos  in  the  dorsal  fins  of  which  muscle  buds  have  just  appeared,  there 
arise  aggregations  of  mesoderm  cells,  one  on  e.ich  side  of  the  mid  line, 
dorsal  and  median  to  the  dorsal  edge  of  the  lateral  muscles.  The  cells 
which  make  up  these  masses  are  of  doubtful  origin  ;  they  may  wander  there 
singly  from  the  dorsal  edge  of  the  myotomes,  where  the  cells  are  still  un- 
. differentiated,  or  they  may  be  mesenchyme  cells  which  have  collected  at 
these  points.  At  first  no  traces  of  segmentation  are  present.  These  cell 
aggregations  extend  slowly  backwai-ds  until  they  nearly  reach  the  dorsal 
fin,  and  finally  they  become  attached  to  its  anterior  ray-support  by  means 
of  a  tendon  of  some  length.  Long  before  these  loose  strands  of  cells  have 
reached  the  dorsal  fin,  the  anterior  ones  begin  to  differentiate  into  muscle- 
cells.  Segmentation  now  arises  in  the  young  muscle,  which  becomes 
divided  into  a  series  of  small  segments  connected  by  tendons.  This  seg- 
mentation arises  independently  of  the  metamerism  of  the  body  and  bears  no 
constant  relation  to  it ;  the  segments  are  from  one  and  a  half  times  to  twice 
as  long  as  the  myotomes.  Those  of  the  two  sides  do  not  correspond  with 
one  another  but  show  a  tendency  to  alternation. 

Just  after  the  completion  of  the  anterior  muscle  the  posterior  makes  its 
appearance  in  a  similar  way  and  develops  in  like  manner  except  that  it  is 
formed  almost  simultaneously  throughout  its  entire  length.  The  ventral 
muscles  or  infra-carinales  also  arise  similarly  except  that  the  cells  giving  rise 
to  them  show  at  first  an  undoubted  connection  with  the  ventral  edge  of  the 
myotomes.  These  muscles  are  aD  segmented  in  a  manner  similar  to  the 
dorsal  ones. 

The  development  of  the  rectus  abdominis  differs  in  important  details  from 
that  of  the  other  ventr.al  muscles,  although,  like  them,  it  arises  from  the  un- 
differentiated ventral  edge  of  the  myotomes.  In  young  salmon  in  which  the 
anterior  supra-carinal  muscle  has  reached  the  dorsal  fin,  but  which  still 
possess  a  large  yolk,  the  myotomes  posterior  to  the  pectoral  fin  have  grown 
in  the  body  wall,  out  over  the  yolk-sac  for  some  distance,  forming  a  rather 
thin  lamina  of  muscle  (ventraler  Urwirbelfortsatz  of  Maurer).  The  inter- 
muscular septa  run  obliquely  forwards  and  ventrally.  The  periphery  of 
this  muscle  lamella  is  composed  of  a  band  of  undifferentiated  cells. 

Beginning  with  the  myotome  just  in  front  of  the  anterior  end  of  the 
definitive  pelvis,  this  band  of  cells  soon  separates  from  the  myotomes.  This 
separation,  gradually  extending  forwards,  there  arises  a  strand  of  undiffer- 
entiated cells  which  is  independent  of  the  lateral  muscles.  A  good  while 
before  the  anterior  portion  of  this  embryonic  muscle  has  acquired  its  inde- 
pendence, the  posterior  portion  begins  to  differentiate  into  muscle  fibres, 
and  like  the  other  muscles  becomes  segmented,  but  not  correspondingly  with 
the  metamerism  of  the  body.  The  anterior  portion  also  differentiates  into 
muscle  cells,  and  not  yet  having  lost  its  connection  with  the  processes  from 
the  myotomes,  septa  are  formed  here  at  corresponding  points,  and,  unlike  the 
posterior  portion  of  the  muscle,  the  anterior  portion  corresponds  in  its 
metamerism  with  the  rest  of  the  body.  The  factor  which  renders  this  dif- 
ference in  the  two  portions  of  one  and  the  same  muscle  possible  is  that, 
while  in  general  all  diflferentiations  appear  first  in  the  anterior  metameres 
and  extend  gradually  backwards,  this  muscle  becomes  independent  at  its 
posterior  end  first ;  its  tissue,  however,  differentiates  in  accordance  with  the 
general  law  and  the  consequence  is,  that  when  difi'erentiation  begins,  con- 
ditions not  being  alike  throughout  the  whole  extent  of  the  muscle,  a  difference 
arises  in  the  metamerism  of  the  two  parts. 


•  The  development  of  this  muscle  is  described  iu  my  paper  on  the  fins. 


May,  1894.J 
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In  conclusion  then,  it  is  seen  that  eertain  mu.sclos,  altliough  segmented, 
have  acquired  their  segmentation  indeiicndenlly  of  the  general  metamerism 
of  the  body,  and  that  even  the  same  muscle  may  in  dillerent  portions  exhibit 
different  relations  between  its  own  segmentation  and  that  of  the  myotomes. 
The  segmentation  of  muscles,  as  observed  in  the  adult,  therefore,  may  or  may 
not  have  been  secondarily  acquired,  and  in  view  of  this,  it  would  seem  that 
observations  on  the  adult  anatomy  alone  are  not  to  be  relied  upon  for 
determining  the  number  of  myotomes  which  originally  took  part  in  the 
formation  of  the  muscle. 


The  Family  Mniotiltidae  in  Baltimore  County.    By 

J.  Hall  Pleasants,  Jk. 

(Abstract  of  au  address  delivered  before  tbe  Baltinioro  Naturalists'  Field  Club,  Marcb 
13, 1894.) 

Up  to  the  present  time,  some  tliirty-thrce  species  of  warblers  have  been 
taken  in  Baltimore  County  and  doubtless  this  number  will  be  increased  by 
future  investigation.  Of  the  two  hundred  and  twenty-five,  or  more,  species 
of  birds  going  to  make  up  the  avifauna  of  this  region,  no  family  is  as  largely 
represented  a.s  the  Mniotiltidae.  Yet,  with  the  exception  of  a  few  species, 
the  average  observer  is  entirely  unconscious  of  the  presence  here,  in  im- 
mense numbers  of  these  interesting,  and  for  the  most  part  highly  colored, 
birds.  This  can  to  a  certain  extent  be  attributed  to  their  retiring  habits 
and  diminutive  size,  few  species  exceeding  six  inches  in  length.  If  we  wish 
to  study  the  members  of  this  group,  they  must  be  patiently  and  carefully 
sought  after.  They  do  not  thrust  themselves  upon  our  attention.  Largely 
migratory  at  this  elevation  and  latitude,  the  majority  pass  through  the 
county  during  late  spring  to  their  more  northern  breeding  grounds,  to  re- 
turn southward  again  in  early  autumn.  Many  species  remain  here  during 
the  summer  months  to  breed,  and  one,  at  least,  spends  the  winter  occasion- 
ally with  us.  During  the  periods  of  migration  the  warblers  are  very  gener- 
ally distributed  throughout  the  county,  local  conditions,  such  as  differences 
in  the  flora  and  topography,  playing  but  a  comparatively  small  part  in  their 
distribution  at  this  time.  In  the  case  of  the  summer  residents,  however, 
these  factors  enter  largely  into  the  choice  of  breeding  places.  Thus  the 
district  to  the  west  of  the  city  exhibits  numerous  peculiaritiesWn  its  avi- 
fauna as  well  as  in  its  geology.  Here  the  blue-winged  warbler  {Helmintho- 
phila  pimts),  nowhere  a  common  species,  has  been  several  times  found  nesting. 
Many  similar  cases  could  be  cited.  Moreover  many  species  occurring  through- 
out the  entire  county  are  especially  abundant  in  certain  sections.  There 
also  seems  to  be  considerable  fluctuation  from  year  to  year  in  the  number 
of  individuals  of  some  species. 

Migration  is  generally  performed  at  night,  the  greater  part  of  the  day 
being  spent  in  procuring  food.  During  the  first  three  weeks  in  May  and 
all  through  September  the  warbler  migration  is  at  its  height.  Some  species 
however,  as  the  Palm  Warbler  (Dendroica  palmarum  hypochrysea),  arrive 
much  earlier  and  remain  longer  than  this. 

In  the  following  list  the  relative  abundance,  and  the  length  of  the  stay 
of  the  various  species  with  us,  will  be  indicated  briefly.  In  the  ease  of  a 
few  rare  species,  the  dates  of  their  occurrence  will  be  added.  It  is  to  be 
regretted  that  lack  of  space  prevents  as  full  a  treatment  of  local  distribution 
as  is  desirable. 

Mniotilla  varia. — Black  and  White  Warbler. 

Summer  resident.     Especially  abundant  during  migration.     It  arrives 
about  the  middle  of^  April,  and  leaves  early  in  October.     It  is  very 
generally  distributed  over  the  county  in  summer,  and  its  nest  has  several 
times  been  found. 
Helmitherus  vennivorus. — Worm-eating  Warbler. 

Summer  resident.    Rather  common.    Arrives  early  in  May.    It  has  been 
found  breeding  in  various  parts  of  the  county.    Several  pairs  nest  along 
the  range  of  hills  extending  from  Towson  to  Loch  Kaven. 
Selminthophila  pinus. — Blue-winged  Warbler. 

Summer  resident.     Uncommon.     Mr.  Geo.  H.  Gray  during  the  past  few 
years  has  found  them  breeding  west  of  the  city. 
Helminthophila  chrysopiera. — Golden-winged  Warbler. 

Rare  migrant.    Only  three  specimens  have  been  observed ;   May  7th, 
1892,  May  29th,  1892,  and  September  5th,  1893. 


Helminthophila  ruficupilla. — Nashville  Warbler. 

Uncommon  migrant.     It  has  been  several  times  observed  in  May,  and 
once  in  vSeptember. 
Helminlhuph'da  pereijrina. — Tennessee  Warbler. 

Extremely  rare  autumn  migrant.     But  two  have  been  observed  at  this 
season,  and  it  has  not  as  yet  been  found  in  spring.     All  the  members 
of  this  genus  are  comparatively  rare  birds  here. 
Compsolhlypis  americana. — Parula  Warbler. 
Summer  resident.     It  has  been  noted  several  times  during  the  summer 
months,  but  is  comparatively  rare  at  this  season.    As  a  migrant  it  is 
abundant,  arriving  the  last  week  in  April.     By  the  third  week  in  May 
the  majority  have  passed  to  more  northern  breeding  grounds.     In  the 
fall  they  are  abundant  again  from  September  1st  to  October  15th. 
Dendroica  tigrina. — Cape  May  Warbler. 

Migrant.     Only  two  specimens  have  been  taken.     One  of  these  was  shot 
by  Mr.  Arthur  Resler,  October  22d,  1890 ;  the  other  by  Mr.  W.  N. 
Wholey,  October  2l3t,  1893. 
Dmdroica  xsliva. — Yellow  Warbler. 

Summer  resident.     Locally  distributed.     Many  nest  in  the  heart  of  the 
city.     It  arrives  about  the  20th  of  April,  and  remains  until  late  in 
September. 
Dendroica  ccsrulcscens. — Black-throated  Blue  Warbler. 

Abundant  migrant.     It  is  found  in  spring  from  the  last  week  in  April 
until  May  20th,  and  again  in  autumn,  from  the  last  of  August  to  the 
middle  of  October.     It  frequents  thickets  in  woodland. 
Dendroica  coronala. — Myrtle  Warbler. 

Winter  resident.     It  has  been  found  from  the  first  week  in  October  to 
May  20th.     They  are  quite  abundant  in  the  spring  and  fall,  frequent- 
ing orchards  and  open  woods. 
Dendroica  maculosa. — Magnolia  Warbler. 

Migrant.     Abundant  from  May  1st  to  25th,  and  again  in  autumn  from 
the  last  of  August  to  the  first  week  in  October.    This  is  chiefly  a  wood- 
land bird. 
Dendroica  ccerulea. — Cerulean  Warbler. 

July  14th,  1893,  I  obtained  an  adult  and  two  young  near  Towson.     The 
former  had  been  heard  singing  about  a  week  previous.    This  species 
has  never  before  been  found  in  summer  east  of  the  .-Vlleghanies.     This 
is  the  only  record  of  its  occurrence  in  Baltimore  county. 
Dendroica  pensylmnica. — Chestnut-sided  Warbler. 

Migrant.     Abundant  from  the  last  of  April  to  May  25th,  and  again  from 
the  15th  of  August  until  the  middle  of  October.     This  is  distinctively 
a  woodland  species. 
Dendroica  castanea. — Bay-breasted  W^arbler. 

Migrant.     It  occurs  sparingly  in  May  and  September. 
Dendroica  striata. — Black-poll  Warbler. 

Migrant.    In  spring  during  May,  and  in  autumn  from  September  15th 
to  the  middle  of  October.     Quite  common  in  woodland  during  some 
seasons. 
Dendroica  biackburniae. — Blackburnian  Warbler. 

Migrant.     Rather  common  in  spring  during  the  first  three  weeks  of 
May,  and  again  from  the  last  of  August  until  the  second  week  In 
October. 
Dendroica  virens. — Black-throated  Green  Warbler. 

Migrant.     Very  abundant  in  woodland  from  April  20th  to  May  15th, 
and  from  late  August  to  the  third  week  in  October. 
Dendroica  vigorsii. — Pine  W^arbler. 
Summer  resident.     This  is  a  very  uncommon  bird.     It  doubtless  breeds 
here  in  suitable  localities.     Mr.  A.  Resler  has  several  times  observed 
it,  once  June  29tb,  1892,  when  it  was  probably  nesting. 
Dendroica  palmarum  hypochrysea. — Yellow  Palm  Warbler. 

Migrant.    In  spring  during  the  greater  part  of  April,  and  in  autumn 
from  the  last  "week  in  September  to  tbe  third  week  in  October. 
Dendroica  discolor. — Prairie  Warbler. 

Summer  resident.     It  arrives  the  20th  of  April,  and  remains  until  Sep- 
tember.    During  this  period  it  frequents  chiefly  scrub-pines. 
Seiurus  aurocapiUus. — Oven-bird. 

Summer  resident.  Abundant  from  the  10th  of  April  until  early  in 
October.  It  spends  most  of  its  time  on  the  ground  frequenting  chiefly 
damp  woodland  hill-sides. 
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Seiurus  noveborcscensis. — Water  Thrush. 

Migrant.     Bather  uncommon.     In  spring  from  the  last  of  April  to  the 
third  week  in  May.     In  fall  from  September  1st  to  October  15th. 
This  and  the  next  species  are  found  in  the  immediate  vicinity  of 
running  water. 
Seiurus  molacUla. — Louisiana  Water  Thrush. 

Summer  resident.     Kather  common,  from  early  in  April  to  the  third 
week  in  September. 
Geothlypis  formosa. — Kentucky  Warbler. 
Summer  resident.     Not  uncommon  at  this  season  in  swampy  woods. 
Several  nests  have  been  found. 
Oeothlypis  agilis. — Connecticut  Warbler. 
Autumn  migrant.    A  few  have  been  observed  in  late  September  and  early 
in  October.    It  has  not  yet  been  found  here  in  spring. 
Geothlypis  Philadelphia. — Mourning  Warbler. 
Migrant.     Very  rare.     It  is  found  chiefly  in  swampy  thickets.    Six  speci- 
mens in  all  have  been  observed,  one  as  late  as  June  3d  by  Mr.  George 
H.  Gray. 
Geothlypis  trichas. — Maryland  Yellow-throat. 
Summer  resident.     Very  common  in  swampy  thickets  and  briar  patches, 
from  the  middle  of  April  until  about  October  20th. 


Icteria  tirens. — Yellow-breasted  Chat. 

Summer  resident.    Common  from  late  in  April  until  September.    This  is 
a  noisy  and  conspicuous  species.    It  is  frequently  heard  singing  at  night. 
Syhania  milrata. — Hooded  Warbler. 

Migrant.     It  has  been  found  in  small  numbers  in  May  and  September. 
Syhania  pusilla. — Wilson's  Warbler. 

•Migrant.   Not  common.   It  passes  through  in  May  and  again  in  September. 
Sylvania  canadensis. — Canada  Warbler. 

Migrant.     Common  in  spring  during  the  month  of  May.     In  autumn  it 
returns  early,  about  the  second  week  in  August.     It  leaves  for  the 
south  the  third  week  in  September. 
Setophaga  ruticilla. — Redstart. 

Summer  resident.  It  occurs  chiefly  as  a  migrant,  but  a  good  many  spend 
the  summer  with  us.  They  arrive  the  last  week  in  April  and  remain 
until  the  middle  of  October.  This  and  the  three  preceeding  species 
are  colled  the  fly-catching  warblers.  They  are  found  for  the  most  part 
in  woodland  thickets. 


CURRENT   NOTES. 

President  Gilman,  with  the  consent  of  the  Trustees,  made  a  journey,  at 
the  end  of  February  and  in  the  beginning  of  March,  tlirough  the  Southern 
States.  He  visited  Columbia  and  Charleston,  S.  C,  Savannah  and  Atlanta, 
Ga.,  Tuskegee,  Montgomery,  Florence,  and  Mobile,  Ala.,  New  Orleans,  La., 
Nashville,  Sewanee,  Chattanooga, and  Knoxville,  Tenn.,  and  Asheville,  N.  C. 
He  met  and  conferred  with  many  persons  who  are  interested  in  the  pro- 
gress of  education,  and  received  many  courtesies,  not  only  from  those  whom 
he  had  known  as  students,  but  from  other  teachers  in  universities,  colleges, 
and  schools. 

President  Oilman  delivered  an  address  commemorative  of  the  life  and 
work  of  Adam  Itzel,  Jr.,  late  a  Professor  in  the  Peabody  Conservatory  of 
Music,  at  the  Peabody  Institute,  February  20. 

Professor  Adams  gave  an  address  in  Frederick  before  the  Alumni 
Association  of  Frederick  College  on  the  evening  of  February  22.  His 
subject  was  "  The  Relation  of  Preparatory  Schools  to  Higher  Education." 

Dr.  M.  D.  Leakned  gave  four  lectures,  in  the  Peabody  Institute  course, 
on  German  Influence  on  American  Life  and  Letters,  February  6,  8,  13,  1.5. 

Dr.  G.  H.  F.  Nuttall  has  been  designated  as  a  delegate  to  represent 
the  Johns  Hopkins  University  at  the  International  Medical  Congress  to  be 
held  in  Rome  in  April,  1894,  and  also  at  the  Eighth  International  Congress 
of  Hygiene  and  Demography  to  be  held  in  Budapest  in  August,  1894. 

Professor  Haupt  will  represent  the  University  at  the  two  hundredth 
anniversary  of  the  founding  of  the  University  of  Halle,  to  be  celebrated  in 
August,  1894. 

The  Young  Men's  Christian  Association  of  the  University  gave  a 
reception  in  honor  of  President  Hill,  of  the  University  of  Rochester,  the 
Levering  Lecturer  for  1894,  in  Levering  Hall,  on  the  evening  of  March  16, 
and  the  Graduate  Students'  Association  tendered  a  reception  to  Pro- 
fessor Norton,  the  TurnbuU  Lecturer,  on  the  evening  of  April  6. 

Benjamin  F.  Newcomer,  Esq.,  was  elected  by  the  Trustees,  April  2,  a 
member  of  the  Board,  to  succeed  the  late  Hon.  Charles  J.  M.  Gwinn. 

The  Marine  Zoological  Station  has  been  opened  for  the  session  of 
1894  at  Beaufort,  N.  C,  under  the  direction  of  Professor  Brooks.  The 
party  consists  of  the  following  advanced  students:  H.  McE.  Knower,  G. 
Lefevre,  C.  P.  Sigerfoos,  D.  S.  Johnson,  J.  G.  Needham,  of  this  University, 
and  F.  S.  Conant,  of  Williams  College.  They  will  be  joined  later  by  Pro- 
fessor H.  V.  Wilson,  with  a  party  of  students  from  the  University  of  North 
Carolina. 

Professor  Henry  A.  Rowland  has  been  chosen  a  Foreign  Member  of 
the  Royal  Swedish  Academy  of  Sciences  at  Stockholm. 


At  the  Medical  School  Commencements  recently  held  in  Baltimore, 
the  following  graduates  and  former  students  of  the  Johns  Hopkins  Univer- 
sity received  the  degree  of  M.  D. : 

University  of  Maryland. — George  W.  Dobbin  (A.  B.,  1891);  A.  Duval 
Atkinson  (Special  Student,  1889-91);  David  Salinger  (Special  Student, 
1889-90). 

College  of  Physicians  and  Surgeons. — A.  T.  Gundry  (Special  Student,  1889- 
90);  John  Ruhhih  (.Special  Student,  1892-94). 

Baltimore  Medical  College. — Robert  Reuling  (Special  Student,  1890-93). 

Dr.  Dubbin  shared  with  one  student  the  University  Prize  offered  to  the 
best  student  in  the  graduating  class,  and  with  another  the  Surgical  Pi-ize. 

Thirty-two  members  of  the  Northwestern  Association  of  the  Johns 
Hopkins  University  Alumni  attended  the  third  annual  meeting  at  the 
University  of  Chicago  on  February  22.  After  a  business  meeting  at  the 
Kent  Chemical  Laboratory  a  luncheon  was  served  at  the  Hotel  Barry.  A 
letter  was  read  from  President  Oilman  favoring  the  co-operation  of  univer- 
sities in  graduate  work.  President  Harper,  of  the  University  of  Chicago, 
who  was  present  as  the  guest  of  the  Association,  spoke  in  commendation  of 
the  plan. 

On  motion  of  Professor  Jastrow,  of  the  University  of  Wisconsin,  the 
President  of  the  Association  was  instructed  to  appoint  a  committee  of  five, 
of  which  the  officers  of  the  Association  should  be  members,  to  take  the 
initiative  in  proposing  some  plan  for  inter-university  graduate  work.  Pro- 
fessor Jastrow  was  appointed  chairman  of  this  Committee,  and  Professor 
Donaldson,  of  the  LTniversity  of  Chicago,  was  also  named  as  a  member. 

The  officers  of  the  Association  for  1894-5  are :  President,  Professor  A.  V. 
E.  Young,  of  Northwestern  University,  Evanston,  111. ;  Vice-President,  Pro- 
fessor G.  L.  Hendrickson,  of  the  University  of  Wisconsin;  Secretary,  Pro- 
fessor A.  H.  Tolmau,  of  the  University  of  Chicago. 

Thirteen  members  of  the  Association  belong  to  the  faculty  of  the  Uni- 
versity of  Chicago,  twelve  to  that  of  the  University  of  Wisconsin,  and  six 
to  that  of  the  Northwestern  University. 

There  will  lie  a  meeting  of  the  New  England  Alumni  or  the  Uni- 
versity in  Boston,  Friday,  May  4. 

The  twelfth  series  (1894)  of  the  Studies  in  History  and  Politics  is 
in  progress.     The  following  papers  are  now  ready  : 

I-II.  The  Cincinnati  Southern  Railway.  A  Study  in  Municipal  Activ- 
ity. By  J.  H.  Hollander.  With  a  Memorial  of  Dr.  Lucius  S.  Merriam, 
by  J.  H.  Hollander  and  others.     Price  §1.00.  • 

HI.  The  Constitutional  Beginnings  of  North  Carolina,  1663-1729.  By 
J.  S.  Bassett.    Price  50  cents. 

IV.  The  Struggle  of  Protestant  Dissenters  for  Religious  Toleration  in 
Virginia.     By  Dr.  Henry  R.  McIlwaine.     Price  50  cents. 


May,  1894.] 
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Researches  upon  Comet  1889  V.    By  Charles  Lane 

POOK. 

(Abstract  from  Astronomical  Journal,  Nos.  302  and  303.) 

This  eonict  was  discovered  l)y  Brooks  on  July  6th,  1889,  and  was  observeil 
until  January,  1891.  It  was  a  telescopic  comet  of  short  period,  and  a  very 
interesting  niemher  of  Jupiter's  so-called  family.  Dr.  S.  C.  Chandler  first 
investigated  its  history  and  showed  that  its  orliit  had  been  radically  changed 
by  a  close  approach  to  Jupiter  in  1886;  that  before  that  time  the  comet 
was  moving  in  an  entirely  difl'erent  ellipse  from  that  in  which  it  is  at 
present  moving.  The  interest  in  the  problem  was  further  increa,sed  by  the 
great  probability  of  the  cotnel's  identity  with  that  of  Lexell,  1770,  as  was 
also  clearly  pointed  out  by  Dr.  Chandler.  The  results  given  in  his  original 
paper  (Astronomical  Journal,  No.  205)  depended,  however,  upon  the  obser- 
vations of  only  about  three  months.  In  this  paper  the  period  of  the  comet 
iu  18S6  was  given  as  26.5  years,  and  upon  the  substantial  correctness  of 
these  figures  depended  his  conclusions  as  to  the  identity  with  Lexell.  In 
a  later  number  of  the  Journal,  No.  244,  I  gave  the  results  obtained  by  tak- 
ing account  of  the  action  of  Jupiter  during  the  entire  interval  between 
the  time  of  appulse  and  that  of  the  comet's  appearance.  The  orbit  on 
which  this  work  was  based,  while  far  more  accurate  than  that  used  by  Dr. 
Chandler,  was  not  definitive,  being  obtained  by  the  method  of  variation 
of  geocentric  distances  from  ten  normal  places  between  July,  1889,  and 
December,  1890. 

As  my  results,  given  in  the  above-mentioned  paper,  differed  greatly  from 
those  obtained  by  Dr.  Chandler,  1  determined,  hist  spring,  to  reinvestigate 
the  entire  subject  and  to  do  the  work  in  as  thorough  a  manner  as  possible. 
I  was  greatly  aided  in  the  undertaking  by  the  appearance  of  a  definitive 
orbit  of  the  comet,  computed  in  a  most  careful  and  painstaking  manner  by 
Dr.  Julius  Bauschinger.  This  work  is  entitled  "  Untersuchungen  iiber  den 
periodischen  Kometen  1889  V  (Brooks)."  Unfortunately,  however,  Dr. 
Bauschinger  found  a  direct  solution  of  his  normal  equations  impossible; 
the  last  element  determined  being  quite  uncertain.  Hence,  the  final  ele- 
ments as  given  in  his  paper  were  still  subject  to  an  uncertainty,  very  slight 
indeed,  but  enough  to  affect,  to  some  extent,  the  character  of  the  appulse 
with  Jupiter.  In  order  to  take  account  of  this  uncertainty  and  to  show  at 
a  glance  our  actual  knowledge  of  the  movements  of  this  interesting  body, 
I  solved  his  equations  anew  and  expressed  the  elements  in  terms  of  an 
indeterminate  quantity.  Thus  the  elements  on  whiph  I  based  my  work 
took  the  following  variable  form : 

1889,  Sept.  30.5,  Berlin  Mean  Time. 


M=  0° 
5r=  1 
£2=  17 
01  =  343 
i=  6 
tp=   28 


V  5"01  +1"0;' 

34  54.29  —3.0767;- 
59    4.37  —0.0174;- 

35  50.62  -^3.0593;- 

4  6.57  —0.1140V 

5  5.75  —  i.sgei;- 


1890.0 


^=501"72306       +0.0114;/ 

The  indeterminate,  v,  may  be  any  number,  positive  or  negative,  between 
the  extreme  limits  of  ±  40.  A  comparison  with  the  equations  of  condi- 
tion showed,  however,  that  the  true  elements  are,  most  probably,  to  be 
found  by  making  v  vary  between  the  much  smaller  limits  of  ±  15.  The 
elements  that  best  represent  the  present  motion  of  the  comet  are  those 
obtained  when  v  is  put  equal  to  zero. 

The  perturbations  suffered  by  the  comet  during  the  interval  1889-1886 
were  then  considered ;  those  due  to  the  Earth,  Mars,  Jupiter,  and  Saturn 
being  taken  into  account.  Those  due  to  the  Earth  and  Mars  were  com- 
puted for  the  interval  between  the  epoch  of  osculation  to  October,  1888 ; 
those  due  to  Saturn  until  Marchj  1887 ;  while  those  due  to  Jupiter  were 
computed  for  the  entire  interval.  The  intervals  of  computation  were  as 
follows :  From  September,  1889,  to  March  25.5,  1887,  twenty  days ;  then 
to  December  25.5,  1886,  ten  days;  and  from  then  to  October  26.5,  1886, 
four  days.  All  the  final  results  were  tested  by  differencing  and  by  inde- 
pendent computations.  The  perturbations,  thus  found,  were  then  applied 
directly  to  the  adopted  elements  without  any  regard  to  the  changes  that 
might  be  introduced  into  them  by  the  different  values  that  v  may  attain. 


Gkeat  Perturbations  of  1886. 

The  general  method  used  in  computing  the  great  disturbance  suffered 
by  the  comet  in  this  year  was  first  proposed  by  D'.A.Iembert,  and  consists  in 
supposing  the  planet  to  have  a  "sphere  of  activity,"  within  which  the 
relative  motion  of  the  comet  is  affected  only  by  the  planet's  attraction,  and 
beyond  which  the  absolute  motion  of  the  comet  about  the  sun  is  performed 
as  if  the  sun  alone  acted  upon  it.  The  radius  of  this  sphere  depends  upon 
the  nia.s3  of  the  planet  and  its  distance  from  the  sun.  This  was  the  simple 
method  afterwards  used  by  La  Place  and  again  by  Le  Verrier.  But,  while 
beautiful  and  simple,  it  neglects  entirely  the  effect  of  the  sun  as  disturbing 
body,  whilst  the  comet  is  traversing  its  relative  orbit  about  the  planet.  It 
will  become  more  efiective,  if  we  merely  use  the  idea  of  the  "sphere"  as 
defining  approximately  the  point,  at  which  we  may  conveniently  transpose 
the  sun  and  the  planet,  as  disturbing  and  central  forces;  and,  after  the 
transformation  has  been  made,  we  may  treat  the  sun  and  the  comet  as 
bodies  revolving  about  the  planet  as  central  body;  the  sun  acting  as  dis- 
turbing body  upon  the  comet.  The  perturbations  of  the  comet  by  the 
sun  may  be  computed  in  a  manner  entirely  similar  to  the  usual  methods. 
The  exact  point  in  the  comet's  orbit,  at  which  the  transformation  is  made, 
is  of  no  great  importance,  provided  that  the  perturbations  be  carefully 
computed  both  before  and  after. 

The  relative  orbit  about  Jupiter  was  an  hyperpola,  which  is  represented 
by  the  following  elements. 

1886,  Oct.  26.5,  Greenwich  Mean  Time. 

»r=  283°  41'  55"12  +  249"59y 
Q=  258   10   11.80   —   14.21./ 

i=    74   52     8.00   —  120.66v 
F=    76   34  22.82   +   19.30;/ 

a  =  —  0.085  6771      +0.000  010  274v 

e=      1.009  7088      +0.000  179  192y 

During  the  time  that  the  comet  was  traversing  the  relative  orbit  about 
Jupiter  the  sUn  acted  as  a  disturbing  body,  and  this  action  had  to  be  taken 
account  of.  In  order  to  do  this  I  computed  the  solar  perturbations  for  the 
entire  interval  between  October  and  March,  using  an  eight-day  period. 
The  method  used  was  that  of  the  variation  of  constants,  the  necessary 
formulas  being  specially  derived  from  the  equations  of  hyperbolic  motion 
as  given  in  Watson.  On  applying  these  perturbations  I  found  the  osculat- 
ing hyperbola  in  which  the  comet  was  travelling  about  the  planet  on 
March  24.5,  1886,  at  which  date  the  motion  of  the  comet  was  referred  back 
again  to  the  sun  as  central  body.  The  following  table  contains  the  final 
results  of  the  investigation.  It  gives  the  complete  elliptic  elements  for 
seven  different  values  of  the  indeterminate,  v,  and  therefore  shows  at  a 
glance  all  the  various  possible  orbits  of  the  comet  about  the  snn  on  the 
date  of  transformation,  namely,  March  24.5,  18S6.  The  elements  are  all 
osculating  for  that  date  and  are  referred  to  the  mean  equator  and  equinox 
of  1886.0. 

For  some  months  before  this  time,  the  planet  and  comet  were  so  close 
together  that  the  orbit  of  the  latter  was  continually  subject  to  change,  and 
it  was,  therefore,  necessary  to  compute  the  planetary  perturbations  for  an 
interval  of  over  two  years.  Applying  these  the  resulting  definitive  ele- 
ments of  the  comet,  those  corresponding  to  v  equal  to  zero,  are  then  as 
follows : 

1884,  March  14.5,  Greenwich  Mean  Time. 

L=161°  49'  54" 
ff=lS8    46    12 
SJ  =  186    19    14      \-  1886.0 
i=     6    45    44 
.f)=   26    47    33 
M=133".0620 
log  a  =  0.997  7932 

From  these  results  the  time  of  perihelion  passage  is  found  to  be 

1886,  July  20.2416 
and  the  period  of  the 'comet  appears  as 

31.38  Julian  years. 
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Comparing  these  results  with  those  obtained  by  former  investigations, 
by  both  Dr.  Chandler  and  myself,  one  or  two  facts  stand  out  pretty  clearly. 
First,  the  angular  elements  of  the  orbit  are  known  with  a  reasonable  degree 
of  accuracy;  the  inclination  and  the  line  of  nodes  appearing  as  practically 
the  same  in  all  the  discussions,  while  the  longitude  of  the  perihelion  varies 
but  a  few  degrees  from  the  value  assigned  in  Dr.  Chandler's  original  paper. 
Second,  the  size  of  the  orbit  is  b}'  no  means  so  well  determined  ;  the  period 
varying  in  the  different  investigations  from  26.5  to  32.6  years.  But  the 
mean  result  of  the  present  work  is,  I  think,  very  near  the  truth.  Third, 
the  investigation  just  completed  shows  that  however  accurately  the  various 
transformations  may  be  made,  that  exercise  what  care  we  will  in  the  work, 
there  is  still  bound  to  be  at  present  an  uncertainty  of  fully  two  years  in 
this  most  critical  element;  and  that  this  uncertainty  is  due,  not  to  any 
incompleteness  of  method  or  formulas,  but  to  the  original  observations 
themselves. 
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As  TO  Identity  with  Comet,  Lesell,  1770. 

Lexell's  comet  underwent  its  notable  disturbance  in  the  year  1779,  and, 
moreover,  this  disturbance  took  place  in  that  part  of  Jupiter's  orbit  in 
which  Comet  1SS9  V  suffered  its  great  change  of  elements,  as  above  dis- 
cussed, in  the  year  1886.  Between  these  two  appulses  there  intervened  a 
period  of  107  years,  which  period  must  be  accurately  accounted  for  in  order 
to  establish  the  identity  of  these  two  remarkable  bodies.  But,  assuming 
the  substantial  correctness  of  the  present  investigation,  we  cannot  directly 
account  for  these  necessary  years.  For  the  period  of  Comet  V  in  1884,  or 
previous  to  its  disturbance,  has  been  shown  to  be  31.38  ±  1.50  years,  which 
is  not  an  aliquot  part  of  107.  Hence,  unless  in  the  intervening  years  the 
comet  suffered  other  and  marked  disturbances  in  its  orbit,  the  entire  ques- 
tion as  to  the  identity  between  the  two  bodies  falls  at  once.  A  further 
investigation  shows  us  that  such  disturbances  did  take  place  during  this 
interval,  but  leaves  us  utterly  in  the  dark  as  to  the  resulting  changes  in 
the  orbit.  The  uncertainty  in  the  original  observations  becomes  so  magni- 
fied in  this  part  of  the  comet's  orbit  that  we  can  no  longer  trace  its  path 
with  absolute  accuracy,  we  cannot  say  with  certainty  that  the  two  comets 
are,  or  are  not,  identical.    The  probability  now  seems  to  be  that  they  are 


not  one  and  the  same  body.  For  a  definite  solution  of  the  problem  we 
must  await  the  reappearance  of  the  comet  in  1896.  The  first  few  observa- 
tions in  that  year  will  furnish  a  very  fair  approximation  to  the  value  of  v, 
from  which,  by  the  aid  of  the  tables  above  given,  we  can  at  once  derive  the 
elements  of  the  orbit  that  the  comet  was  describing  in  1884,  and  these 
elements  should  be  close  enough  to  the  true  ones  to  furnish  a  final  answer 
to  the  question  of  identity. 

These  changes  in  the  orbit  of  the  comet  will  be  better  understood  by 
referring  to  Figure  1.     The  three  concentric  circles  represent  respectively 


Fio.  1. 

the  orbits  of  the  Earth,  Jupiter  and  Saturn ;  the  small  ellipse,  part  full, 
part  dotted,  the  present  orbit  of  the  comet,  while  the  two  large  ellipses, 
with  the  shaded  space  between  them,  the  possible  orbits  of  the  comet  before 
the  great  disturbance  by  Jupiter,  in  1886.  All  these  various  paths  for  the 
comet  are  tangent  to  one  another  at  the  point  of  closest  approach  to  the 
orbit  of  Jupiter,  namely,  P.  This  figure  shows  at  a  glance  the  great  change 
that  took  place  in  the  motion  of  the  body. 

The  heavily  drawn  portion  of  the  small  ellipse  represents  that  part  of 
the  comet's  path  which  it  was  actually  seen  to  describe  during  the  years 
1889  and  1890.  ■  The  remainder  of  this  curve  and  the  large  ellipses  were 
determined  by  tracing  the  comet  backward  step  by  step :  such  curves  are 
entirely  theoretical.  The  still  outstanding  uncertainty  in  the  present  orbit 
of  the  comet  is  so  slight  that  it  cannot  be  represented  in  the  diagram.  But 
unfortunately  we  cannot  speak  so  definitely  in  regard  to  the  orbit  before 
1884 ;  the  uncertainty  is  here  much  magnified  and  is  clearly  shown  in  the 
diagram. 

All  that  we  can  definitely  say  at  present  is,  that  previous  to  1884,  the 
comet  was  travelling  about  the  sun,  in  an  ellipse  of  about  31  years'  period; 
that  its  path  lay  somewhere  within  the  shaded  portion  of  the  figure ;  that 
during  nearly  a  century  this  path  was  undisturbed.  In  whatever  one  of 
these  various  paths  the  comet  was  travelling,  it  reached  the  point  of  tan- 
gency  in  the  summer  of  1886 ;  at  this  same  time  Jupiter  arrived  at  the 
corresponding  part  of  its  orbit,  and  the  comet  was  gradually  drawn  from 
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the  large  to  the  smaller  ellipse.  In  this  smaller  ellipse  it  will  continue  to 
travel  for  a  number  of  years,  returning  to  perihelion  in  the  first  part  of 
November,  1896.  It  should  be  first  seen  by  the  aiil  of  tlie  Lick  Telescope 
in  May,  1895,  and  with  medium  sized  instruments  in  the  spring  of  ISiXJ. 


The  Passage  of  Comet,  1889,  V  through  Jupfter's 
Satellite  System.    By  Ciiaui.es  Lank  Poor. 

(Abstrnct  of  pnpcrs  in  Astronomical  Journal,  Nos.  302  and  303). 

In  1S86,  as  above  staled,  the  comet  passed  very  close  to  the  planet  Jupiter : 
probably  within  the  orbit  of  the  Fifth  Satellite.  Exactly  how  close  the 
two  bodies  were  at  any  given  time  is  impossible  to  say;  the  uncertninty 
introduced  through  the  original  observations  here  becomes  very  prominent 
and  precludes  many  interesting  investigations.  We  can,  however,  readily 
place  limits,  within  which  the  comet  certainly  passed.  It  may  be  stated 
quite  definitely  that  the  comet  passed  the  center  of  the  planet  at  a  distance  . 
not  greater  than  3.65  and  not  less  than  1.00  radius  of  the  planet  itself.  In 
other  words  the  center  of  the  comet  may  have  grazed  tlie  surface  of  Jupiter,  ' 
and  it  certainly  approached  that  surface  to  within  2.63  radii  of  the  planet, 
or  only  112,300  miles. 

In  Figure  2,  I  have  tried  to  represent  what  actually  occurred.    The  five 


Fig.  2. 

satellites  of  Jupiter  revolve  about  that  planet  in  ellipses  differing  but 
slightly  from  circles,  and  all  lying  nearly  in  the  same  plane.  In  figure  2 
we  are  supposed  to  be  looking  down  upon  this  plane  and  to  see  these  satel- 
lite orbits  in  their  full  size.  The  orbit  of  the  comet  was  in  a  plane  inclined 
nearly  70°  to  this,  and  intersecting  it  in  the  line  S,  Q'.  The  projection  of 
the  comet's  path  on  the  plane  of  the  satellites'  orbits  is  given,  and  as  the 
actual  path  is  unknown,  I  have  drawn  two  curves  between  which  the  true 
orbit  is  certainly  known  to  lie.  The  most  probable  path  of  the  comet  is  a 
curve  about  midway  between  the  two.  It  must  be  understood  that  during 
the  time  the  comet  was  thus  moving  about  Jupiter,  that  body  was  in  rapid 
motion  itself  in  the  direction  of  the  large  arrow,  and  it  carried  with  it,  the 
entire  system,  satellites  and  comet.  • 

A  careful  inspection  of  the  figure  will  show  that  the  comet  rose  up  sud- 
denly from  below  the  plane  of  the  satellites'  orbits,  crossing  it  nearly  at 
right  angles,  then  passed  upward  and  almost  directly  over  Jupiter,  and 
then  gradually  descended  and  finally  passed  below  this  orbitial  plane 
again.    So  that,  as  the  comet  neared  Jupiter,  there  could  be  no  close 


approach  to  any  of  the  satellites,  excepting  at  the  point  where  it  passed 
through  the  plane  of  their  motion.  But,  on  the  other  hand,  as  the  comet 
receded  from  the  planet,  it  hovered  over  the  satellites,  and  close  approaches 
might  occur,  proviiled  that  the  satellites  were  in  the  proper  places  at  the 
right  time. 

A  careful  investigatifju  of  all  possible  positions  of  the  comet  and  of  the 
satellites  showed  that  a  collision  was  impossible;  that  the  comet  did  not 
even  approach  near  enough  to  any  one  of  tlie  four  large  satellites  to  cause 
the  slightest  change  in  the  relative  motion  of  the  nucleus  about  Jupiter. 
Such  a  collision,  or,  at  least,  a  close  appnlse,  has  been  repeatedly  invoked, 
to  account  for  the  observed  disruption  of  the  comet.  (The  comet,  as 
observed,  consisted  of  four  separate  parts).  The  following  table  shows  at  a 
glance  the  character  of  the  approach  to  each  of  the  four  satellites  for  dif- 
ferent values  off. 

Approach  to  Satellites. 


Closkst  Approach 
TO  Orbit. 

Differences  in  Lonoitudk. 
Comkt-Satell. 

■' 

29.93 

Q 

I 

11 

III 

IV 
1.02 

I 

11 

III 

IV 

—  40 

1.06 

4.87 

1.83 

1.09 

—   21.°1 

—   34.°0 

—  92.°1 

— 140.°0 

—  20 

33.00 

1.75 

4.18 

3.21 

2.69 

1.07 

—  53.  0 

—  165.  2 

—   13.  0 

-107.  3 

0 

41.93 

2.43 

3.50 

4.12 

4.32 

2.65 

-  8064 

—     2.  0 

+    70.  7 

—   77.  5 

+  20 

48.43 

3.24 

2.79 

S.12 

5.03 

3.95 

—  108.  2 

+ 156.  4 

+  165.  0 

—   40.  9 

+  40 

55.45 

3.33 

2.10 

5.46 

5.94 

5.02 

— 134.°9 

—   40.  5 

—  135.  3 

—     7.  8 

The  two  first  columns  give  the  respective  distances  of  the  nodes  from  the 
centre  of  Jupiter,  the  eipialorial  radius  of  the  planet  being  taken  as  unity. 
The  following  four  columns  give  the  smallest  possible  distances  between 
the  orbits  of  the  various  satellites  and  that  of  the  comet  for  the  different 
values  of  y;  the  remaining  columns  give  the  differences  of  longitude  of 
the  comet  and  satellites  at  the  moment  when  the  comet  passed  the  point 
of  closest  approach  to  the  orbits  of  the  satellites. 

There  are  many  interesting  problems  connecting  this  comet  with  the 
Fifth  Satellite  of  Jupiter.  There  is  certainly  great  probability  that  the 
satellite  passed  directly  through  the  comet;  the  mean  path  of  the  comet 
intersected  that  of  the  satellite,  so  that  a  direct  collision  was  possible. 
Unfortunately  the  slight  uncertainty  in  the  comet's  motion  is  here  com- 
plicated by  an  additional  uncertainty  in  the  motion  of  the  satellite,  which 
renders  it  impossible  to  say  definitely  that  a  collision  did  or  did  not  take 
place.  It  is  possible,  therefore,  that  the  observed  disruption  of  the  comet 
was  caused  by  the  action  of  the  satellite.  But,  all  things  considered,  it  is 
more  probable,  I  think,  that  it  was  caused  by  Jupiter  itself. 

Jupiter  differs  greatly  from  a  sphere ;  its  ellipticity  being  one-seventeenth. 
Hence  in  treating  of  its  action  upon  the  comet,  the  shape  of  the  planet  must 
be  taken  into  account.  An  investigation  shows  that  the  introduction  of 
terms  depending  upon  the  shape  of  the  planet  caused  little  or  no  difference 
in  the  actual  motion  of  the  nucleus  about  the  Sun.  On  the  other  hand, 
we  find  in  the  unequal  attractions,  due  to  the  non-sphericity  of  Jupiter,  on 
the  various  parts  of  the  comet,  when  at  perijove,  a  ready  explanation  of 
the  observed  disruption. 

Among  the  many  interesting  problems  yet  to  be  fully  discussed  is  this 
entire  question  of  the  breaking  up  of  the  comet ;  as  well  as  the  possibility 
that  a  portion  of  it  was  permanently  drawn  into  the  Jovian  System,  thus 
forming  a  new  satellite,  or  satellite  ring. 


Preliminary  Note  on  the  Probable  Mass  of  the  Aster- 
oids.    By  B.  M.  RoszEL. 

The  accuracy  with  which  astronomical  observations  are  capable  of  being 
made  at  the  present  time  requires  a  correspondingly  high  degree  of  ap- 
proximation in  the  mathematical  expressions  for  the  position  of  any  celestial 
body.  The  time  has  arrived  when  the  effect  of  the  Asteroids  must  be  in- 
vestigated, although  their  almost  inappreciable  mass  would  at  first  sight 
seem  to  render  them  negligible  in  the  general  theory  of  planetary 
motions. 
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In  this  connection  mathematicians  were  formerly  chiefly  concerned  in 
attempting  to  prove  or  disprove  the  hypothesis  of  Olbers  as  to  the  origin  of 
the  Asteroid  ring.  If  these  bodies  were,  as  lie  suggested,  the  debris  of  a 
disrupted  planet,  their  orbits  should  have  a  common  point  of  intersection. 
In  order  to  test  tliis  hypothesis  the  secular  perturbations  of  some  of  the 
Asteroids  by  the  larger  planets  were  computed  and  their  former  orbits 
studied  and  no  indication  of  the  existence  of  such  a  point  being  found,  the 
hypothesis  was  abandoned. 

There  is  another  side  to  the  problem,  namely,  the  effect  of  these  small 
planets  on  the  orbits  of  the  larger  ones,  and  especially  the  secular  pertur- 
bations to  which  a  ring  of  matter,  such  as  they  form  about  the  sun,  would 
give  rise. 

To  investigate  this  latter  question  is  the  object  of  the  work  on  which  I 
am  now  engaged.  The  problem  divides  itself  naturally  into  two  parts,  first, 
to  determine  the  combined  mass  of  the  asteroid  belt ;  and  second,  knowing 
the  mass  to  derive  the  secular  perturbations  of  the  elements  of  the  orbits  of 
certain  of  the  major  planets  caused  by  this  elliptic  ring  of  matter. 

This  paper  is  a  short  account  of  the  method  of  carrying  out  the  first  part 
of  the  work. 

The  mass  must  be  determined  with  the  greatest  possible  accuracy.  These 
bodies  appear  in  the  largest  telescopes  as  mere  points  of  light  and  no  direct 
measure  of  their  dimensions  is  possible.  The  problem  must  be  attacked 
indirectly. 

The  only  systematic  attempt  to  inve.stigate  the  structure  of  the  planetary 
rin"  is  a  paper  by  A.  Berberich  (Aslronomlsche  Nachriclden,  No.  2S27).  In 
this  paper  the  author  studies  the  distribution  of  the  asteroids  according  to 
their  magnitudes  and  mean  motions  and  endeavors  to  discover  the  law  of 
composition  of  the  ring  if  such  a  law  exists.  In  default  of  accurate  knowl- 
edge several  assumptions  are  required  and  his  results  are  derived  from  them. 
There  are  some  reasons  why  a  later  and  more  accurate  determination  of 
the  mass  seems  desirable.  The  rapid  development  of  photometric  and  pho- 
tographic methods  of  observing,  and  the  incidental  additions  to  the  number 
of  known  bodies  belonging  to  this  planetary  belt  have  added  largely  to  our 
data.  This  in  itself  is  a  sufficient  reason  for  a  rediscussion  of  the  problem. 
The  elements  of  the  orbits  of  some  two  hundred  and  fifty  members  of  the 
group  have  been  derived,  and  the  total  number  of  bodies  now  recognized  as 
minor  planets  has  nearly  reached  four  hundred.  As  a  starting  point,  obser- 
vations furnished  the  position  of  the  planet  at  the  time  of  discovery,  and  its 
apparent  magnitude.  The  total  number  discovered  and  a  knowledge  of  the 
elements  of  the  orbits  of  some  of  them  complete  the  data. 

A  planet  is  most  likely  to  be  discovered  when  it  is  closest  to  the  earth 
and  in  opposition.  The  positions  at  the  time  of  discovery  will  show  whether 
the  majority  of  these  bodies  has  been  found  when  they  were  most  favorably 
situated.  If  this  proves  to  be  so  it  is  reasonable  to  believe  that  more  will 
still  be  discovered  than  could  otherwise  be  the  case. 

The  Berliner  A^lronomhches  Jahrbuch  publishes  the  mean  opposition  mag- 
nitude of  all  the  planets  whose  mean  distances  have  been  computed,  and  in 
order  to  obtain  an  idea  of  the  relative  size  of  these  small  bodies,  their  magni- 
tudes were  reduced  to  apparent  magnitudes  at  a  standard  distance,  2.7  astro- 
nomical units,  a  distance  somewhere  near  the  mean  of  the  distances  of  the 
individual  members  of  the  group.  A  curve  was  plotted  of  which  any  ordinate 
is  proportional  to  the  number  of  asteroids  of  a  given  magnitude  and  the 
abscissas  are  the  magnitudes  themselves.  This  curve  will  at  once  show 
the  relative  size  of  the  planets  on  the  assumption  that  the  albedo  is  a 
constant  quantity. 

If  the  total  number  of  the  asteroids  were  known  it  would  only  be  neces- 
sary to  determine  the  most  probable  mass  of  one  member  of  the  group  to 
derive  immediately  the  combined  mass  of  the  whole  group.  However,  this 
is  not  the  case.  New  planets  are  being  discovered  continually,  and  while 
we  can  believe  that  we  now  recognize  the  greater  number  of  those  bodies 
which  revolve  between  Mars  and  Jupiter,  we  must  expect  this  number  to 
be  increased  in  the  future,  and  a  careful  study  of  the  probability  with 
which  we  should  expect  additions  to  this  group  must  be  made.  « 

Photography  introduces  a  new  element  into  the  problem,  for  a  photo- 
graphic plate,  within  certain  limits,  can  detect  a  small  object  as  readily  as 
a  larger  one  and  the  mean  motion  of  the  body  is  a  more  important  factor 
than  its  size  in  this  case. 

At  the  present  time  I  cannot  say  anything  definite  regarding  the  struc- 
ture of  the  ring  nor  of  the  probability  of  additions  to  its  mass  through  the 


discovery  of  new  asteroids,  but  a  result  of  the  study  of  two  hundred  and 
sixteen  of  these  minor  planets  may  be  of  interest. 

Professor  Pickering  derives  the  probable  diameter  of  Yesta,  the  largest 
of  the  asteroids,  from  photometric  observations  (Harvard  College  Observa- 
tory Annals,  Vol.  XI).  He  assumes  that  the  albedo  of  Vesta  is  the  same 
as  that  of  Mars  and  finds  for  its  diameter  a  value  319  ±  10  in  miles. 

The  magnitudes  of  the  two  hundred  and  sixteen  asteroids  vary  from  the 
sixth  to  the  fifteenth  and  one-half,  the  greater  number  lying  somewhere 
between  the  eleventh  and  twelfth  magnitudes. 

Now  the  ratio  of  the  total  quantities  of  light  reflected  by  two  planets  at 

the  same  distance  from  the  observer  is  equal  to  the  ratio  of  the  squares  of 

their  diameter.     Their  volumes  being  proportional  to  the  cubes  of  their 

diameters  we  can  write : 

3 

V,_dl^  /10\  o  ("»-"'■) 

V  ~  d^  "  \i) 

Where  Vi,  V,  rfi,  d,  mi  and  m  are  respectively  the  volumns,  diameters  and 
opposition  magnitudes  of  two  planets  at  a  given  distance ;  the  magnitudes 
being  based  on  a  light  ratio  of  2.5  for  one  magnitude. 

In  this  way  the  volumes  of  all  the  two  hundred  and  sixteen  were 
expressed  in  terms  of  the  volumn  of  Vesta.  Knowing  the  dimensions  of 
Vesta  we  find  that  it  would  take  roughly  three  hundred  and  ten  asteroids 
of  the  sixth  magnitude,  or  twelve  hundred  of  the  seventh  to  equal  our 
moon  in  volumn.  And  in  round  numbers  the  combined  volumn  of  a  ring 
of  two  hundred  and  sixteen  would  be  only  one  two-hundredth  part  of  that 
of  our  satellite. 

In  order  to  determine  the  mass  the  density  must  be  known.  Probably  a 
mean  density  equal  to  that  of  Mars  would  not  be  far  wrong.  The  densities 
of  Mars  and  the  Moon  are  .72  and  .61,  respectively;  the  density  of  the 
earth  being  unity,  or  Mars  is  about  1.18  times  as  dense  as  the  Moon.  This 
would  make  the  mass  of  our  planetary  ring  about  one  one-hundred  and 
seventieth  part  of  the  mass  of  the  Moon. 

From  these  considerations  I  think  we  are  justified  in  believing  that  the 
probable  mass  of  the  entire  asteroid  belt  will  be  somewhere  between  one- 
fiftieth  and  one  one-hundredth  part  of  that  of  our  Moon.  At  least  this 
will  be  its  probable  order  of  magnitude. 


Jupiter's  Satellites  in  1664.    By  Frank  H.  Clutz. 

Under  this  head  is  found  in  the  Xalion,  New  York,  January  U,  1894 
[reprinted  in  Nature,  London,  Feb.  1,  1894],  a  note  from  President  Oilman 
giving  a  letter  written  by  John  Winthrop,  January  27,  1664  (old  style). 
From  this  letter,  which  may  be  found  in  the  volume  for  1878,  p.  220  of 
the  Proceedings  of  the  Massachusetts  Historical  Society,  the  following 
extract  is  taken : 

"  Havinge  looked  upon  Jupiter  with  a  Telescope,  upon  the  6th  of  August 
last,  I  saw  5(?)  Satellites  very  distinctly  about  that  planet:  I  observed  it 
with  the  best  curiosity  I  could,  taking  very  distinct  notice  of  the  number 
of  them,  by  severall  aspects  with  some  convenient  tyme  of  intermission; 
&  though  I  was  not  with  out  some  consideration  whether  that  fifth  might 
not  be  some  fixt  starr  with  which  Jupiter  might  at  that  tyme  be  in  neare 
conjunction,  yet  that  consideration  made  me  the  more  carefully  to  take 
notice  whether  I  could  discerne  any  such  difference  of  one  of  them  from 
the  other  foure  that  might  by  the  more  twinckling  light  of  it,  or  any  other 
appearance  give  ground  to  believe  that  it  might  be  a  fixed  starr,  but  I  could 
discerne  nothing  of  that  nature,  and  I  consider  that  the  tube  with  which  I 
looked  upon  them,  though  so  good  as  to  shew  clearely  the  Satellytes  yet  was 
of  but  3  foote  and  halfe  with  a  concave  ey-glass." 

Thinking  it  might  be  of  interest  to  see  if  there  was  any  "  fixt  starre  at 
that  tyme  in  neare  conjunction  with  Jupiter,"  I  have  made  some  investi- 
gations in  the  matter  with  the  following  results.  Since  the  letter  is  dated 
January  27,  1664  (old  style),  in  our  present  reckoning,  the  date  of  obser- 
vation was  August  16,  1664.  For  the  evening  of  this  date  Leverrier's 
Tables  give  for  the  heliocentric  coordinates  of  Jupiter 

r=  5.156138 

1=  286°  27'29."81 

b  =  — 0°  12' 51. "92 


Mat,  1894.] 
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for  the  geocentric  counlinates  of  tlie  BUn, 

R=  1.011  3151 

0=  144°   29°  25."70 

2  =  — 0°     0'  0."75 

and  for  the  obliquitv  of  the  ecliptic 

«=23°  28'20."06. 

These  quantities  give  for  Jnpiter  as  seen  from   the  earth  tlic  spliericiil 

coordinates: 

A.       7n.        s, 

K.  A.        18    36    10.3 
Dec.     —23°  27'  39."64 

JiOoking  through  the  various  star-catalogues  : — Edinburgh,  Baillv's  I.al- 
lande,  Ncwcoiuh's  Standard  Stars,  Yarnall's  Naval  Observatory,  (iould's 
Uranometria  .\rgentina  and  others,  I  found  these  three  stars,  which  it 
seemed  niiglit  fulfil  the  required  condition.  I  give  their  places  as  given 
in  Newcomb's  Standard  Stars  for  1850. 


No. 


Star. 


Ma; 


K.  A. 


8.'i4  y'  Sagiltarii 
836  V-  Sagittarii 
838      B.  A.  C.  6448 


5         18  45    6.7 
5  18  46    3.0 

6.4      18  46  55.6 


Dec. 

—  22°  55'  26."07 

—  22     51     11.72 

—  23    21     33.04 


Reducing  tl\e  last  star,  No.  838,  for  precession  to  1664,  its  Right  Ascen- 
sion and  Declination  at  tlie  date  of  Winthrop's  observation  were 

h.        in. 

R.  A.        18    35.6 
Dec.     —23°  32.'6 

We  have  for  purposes  of  comparison  the  table  : 

Dec. 


Jupiter. 
No.  838. 

Diff. 


R.  A. 

h.      m, 

18  36.3      —23°  27.'7 

18  35.6      —23°  32. '6 


0.; 


4.'9 


According  to  Young  the  furthest  possible  distance  tliat  the  outer  satellite 
of  Jupiter,  can  be  from  tlie  planet,  as  seen  from  the  earth  is  nearly  10. '5. 
In  brightness  the  satellites  vary,  but  on  an  average  the  third,  which  is  the 
largest,  is  between  the  fifth  and  sixth  magnitudes.     The  other  three  are  all 


about  llie  sixth,  or  between  the  sixth  and  seventh  according  to  different 
oltservers.  Finally — in  distance  we  see  tliat  the  star  No.  838  was  at  a  dis- 
tance from  Jupiter  of  almut  0.7  m.  or  10. '5.  Tliis  is  approximately  the 
distance  that  the  outer  satellite  may  reacli.  In  brightness  tlicstar  is  about 
the  same  as  tlie  three  sinalh-r  satellites — between  the  sixth  and  seventh 
magnitudes. 

In  view  of  these  facts  1  think  we  may  say  with  a  fair  degree  of  certainty 
that  this  star  was  the  object  which  Winthrop  took  for  a  fifth  satellite  on 
the  night  of  August  16,  1664. 

Postscript. 

A  letter  from  Hon.  Robert  C.  Winthrop,  of  Boston,  addressed  to  Presi- 
dent Oilman,  calls  attention  to  a  second  note  on  the  observations  of  John 
Winthrop,  which  was  printed  in  the  Proceedings  of  the  Ma.K.«achusetts 
Historical  Society  for  October,  1892. 

In  this  note  Mr.  Winthrop  says  that  two  letters  of  John  Winllirop  estab- 
lish tlie  following  facts:  — 

"  First,  that  within  half  a  century  of  Galileo's  discovery  of  four  satellites 
of  Jupiter,  the  existence  of  a  fifth  satellite  was  referred  to  in  a  work  by 
•' Joli.  Phociliden." 

Second,  that  on  the  night  of  August  0th,  1064,  a  supposed  fifllx  satellite 
was  observed  at  Hartford  by  John  Winthroi),  Jr.,  and  communicated  by 
him  to  the  Royal  Society. 

Third,  that  as  early  as  the  winter  of  1671-72,  Harvard  College  was  en- 
gaged in  astronomical  observations  with  the  assistance  of  John  Wintlirop, 
Jr.,  although  no  historian  of  the  University  appears  to  have  been  aware 
of  it." 

The  work  here  attributed  to  "Joh.  I'hocilideu"  is  probably  the  third 
of  three  which  are  thus  entered  in  the  catalogue  of  the  British  Museum 
as  follows :  — 

Holwarda  (Joannes  Phocylides)  Epitome  astrononiiae  reformataegeneralis. 

Franekerae,  1642.     12o. 
Friesche  sterre-konst  ofte  een  korte  doch  volmaeckte  astronomia  met 

denuttigheden  vandien.   [Edited  by  N.  ab  Amama.]    2  pt.  Harlingen, 

1652.     12o. 
Philosophia  Naturalis,  seu  Physica  Vetus-nova.      Ex  optimis  qui- 

busque  autoribus  antiquis  pariter  et  neotericis  deducta,  propriisque 

speciilationibus  et  inventis  aucta  et  illustrata.     (D.  .'Vcronii 

Parentatio   in   obitum  J.  P.  H. — J.  P.  H.  oratio   inauguralis,   etc.) 

[Continued  and  edited  by  N.  ab  Amauia.]     Franekerae,  1651.     So. 
This  writer  is  Johann  Fokkens,  who  was  born  at  Holwarden  in  Friesland 
in  1618,  and  who  died  at  Franeker  in  1651.     Cf.  Jocher,  ii,  p.  1683. 
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Scientific  Association. 

April  2o,  1894. —One  huudred  aad  fourtpenth  meeting.    Professor  RENOUFin  the  chair. 
The  OrgHTiisrus  ot  Malaria,  by  W.  >.  Thayer. 
Bulometric  Work  in  the  Infra-red,  by  E.  S.  Fr.RRV. 

l*hilological  Association^ 

J/arcA  16, 1894.— One  hundred  and  thirty-third  reguhir  meeliug.    Professor  Gilder- 
sleeve  in  the  chair.    Thirty-four  members  present. 

Papers  read  : 
On  Psalms  illustrating  the  History  of  the  Post-exilic  Community,  by  D.  G.  Stevens, 

Jk. 
The  Imperfect  and  the  Aorist  in  Greek,  by  C.  W.  E.  Miller. 

April  20.— One  hundred  and  thirty-fourth  regular  meeting.    Professor  Gilderslekve 
in  the  chair.    Twenty-seven  members  present. 
On  Assyrian  Epistolary  Literature,  by  C.  Johnston. 
Tropes  and  Figures  in  Anglo-Saxon  Prose,  by  J.  W.  Tupper. 

Historical  and  Political  Science  Association. 

March  15. 

Puritanism  in  Virginia  in  the  17lh  Century,  by  J.  H.  Latane. 

A  Study  of  the  Talmud,  by  F.  L.  Riley. 
April  5.-Christiaiiiiy  in  -Japan,  1859-1376,  by  M.  Ishizaka. 
April  20.— The  British  Public  Record  Office,  by  C.  M.  Andrews. 

Mathematical  Srminai'y. 

Directed  by  Professor  Craig. 

First  Section. 
January  17, 1894. 
Reduction  of  a  System  of  Differential  Equations  tea  Single  Equation  involving  only 

one  Dependent  Variable,  by  J.  H.  Tudor. 
Condition  for  the  Coexistence  of  Sululions  of  Simultaneous  Systems  of  Differential 
Equations,  by  W.  H.  Maltbik. 
Januart/  31. 
On  the  Integration  of  Total  Differentials,  by  C.  R.  Duvall. 

On  Algebraic  Differential  Equations  of  the  First  Order  and  the  First  Degree,  by  E. 
P.  Manning. 
February  Meetings.— In  charge  of  Mr.  T.  H.  Taliaferro. 


February  7. — On  Algebraic  Differentia!  Equations,  etc.  (in  continuation  of  previous 

paper),  by  T.  H.  Taliaferro, 
February  W. — Appell's  Method  of  Developing  the  Elliptic  Functions  in  Trigonometric 

Series,  by  S.  M.  Barton? 
February  21.— Remarks  on  Appell's  Method  by  Poincare,  by  J.  Eiesland. 
February  28. 

Picard's  Proof  of  the  Existence  of  Integrals  of  Ordinary  Differential  Equations,  by 

C.  R,  DUVALL, 

Infinite  Series  whose  Terms  are  themselves  Infinite  Series,  by  H.  A.  Sayre. 

March  Meefings.—ln  charge  of  Mr.  E.  P.  Manning. 

March  7.— Infinite  Products  in  which  the  Factors  are  Infinite  Series,  by  W,  II.  Maltbie. 

Marrk  14. — Applications  of  a  Theorem  relative  to  Infinite  Series  whose  Terms  are  them- 
selves Infinite  Series,  by  J.  H.  Tudor. 

March  21. — Further  Applications  of  the  same  Theorem,  by  A.  Cohen. 
Continuation  of  Functions,  by  H.  A.  Sayre. 

April  Meeti>\gs.—\n  charge  of  Mr.  C.  R.  Ditv^all. 

April  6. — Continuation  of  Functions  (in  continuation  of  previous  paper),  by  T.  H. 
Taliaferro. 

April  13. — Lindelufl'a  ^Modification  of  Picard's  Proof  of  the  Existence  of  Integrals  of 
Ordinary  Differential  Equations,  by  C.  R.  Duvall. 

Second  Section. 
January  17.— Geometrical  Representation  of  LfOgarithmic  Functions,  by  A.  H.  Wilson, 
Janiiary?.l. — On  Line  Inttgrals,  by  G.  C.  McKke. 

March  il— Keduction  of  the  Hyperelliptic  Integrals,  by  D.  N.  Leumer. 
March  i;j.— Hyperbolic  Functions,  by  C.  C.  Schenck, 
April  3.— Hyp'ergeometric  Series,  by  S.  M.  Barton. 

April  10.— Appell's  Memoir  on  Functionsof  three  real  Variables  satisfying  the  Differen- 
tial Equat  ion  A  /  =  c,  by  E.  P.  Lewis. 

Astronotnical  Seniinat'i/  and  tToarnal  Ctttb. 

Meetings  held  weekly  from  .January  10  to  April  4, 1894. 
Theory  of  Attractions,  by  F.  H.  <5lutz. 
Universal  Gravitation,  by  W.  W.  Landis. 
Special  Problems  in  Attraction,  by  C.  H.  Harrison. 
Fundamental  Units  ;  Astronomical  Constants,  by  E.  L.  Stonek. 
Van  der  Kolk's  Theorem,  by  E.  H.  Johnson. 
The  Solution  of  Kepler's  Equation,  by  F.  H.  Clutx. 
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PERCY  TURNBULL   MEMORIAL  LECTURESHIP 

OF  POETRY. 

Fourth  Course,  1894. 

A  lectureship  to  treat  of  Poetry  lias  been  instituted  in  tliis  University 
by  the  generosity  of  Mr.  and  Mrs.  Lawrence  Turnbull,  of  Baltimore,  wlio 
thus  commemorate  the  name  of  their  son,  Percy  Graeme  Turnbull,  who 
died  in  1887. 

In  accordance  with  the  terms  of  the  gift,  a  course  of  lectures  m.iy  be 
expected  annually  from  some  one  who  has  gained  distinction  as  a  writer  of 
poetry  or  as  a  critical  student  of  the  poetic  art. 

The  fourth  course  of  lectures  on  this  foundation  was  given  by  Chakles 
ET.IOT  Norton,  LL.  D.,  Litt.  D.,  Professor  of  the  History  of  Art  in  Har- 
vard University.     The  subject  of  the  course  was  "  Dante." 

LECTURES  ON  DANTE,  BY  PROFESSOR  C.  E.  NORTON. 

I.    Thursday,  March  29,  1894. 

The  Function  of  Poetry — The  Beginnings  of  Italian  Poetry. — The  Thirteenth 
Century  im  Italy, — Dante. 

The  nature  of  Poetry.  Its  aim  the  expression  of  beauty.  The  neglect 
of  it.  Consequences  of  this  neglect.  The  importance  of  the  culture  and 
exercise  of  the  imagination.  The  great  poets  as  masters  of  the  imagination. 
Homer,  Shakespeare,  Dante.  Their  individual  characteristics,  and  their 
relation  to  nature.  Influences  operating  on  Dante.  Christianity  and  the 
Church.  Evolution  of  the  new  civilization  after  the  fall  of  the  Roman 
Empire.  Conditions  of  Italy.  The  tradition  and  legend  of  Rome.  The 
inheritance  of  the  Roman  Church.  Her  doctrine  and  her  power.  Revival 
of  religious  life  and  sentiment.  Improvement  of  social  order.  Develop- 
ment of  commerce  and  ipdustry.  Cirowth  and  strength  of  cities.  Florence. 
Intellectual  progress.  Italian  poetry  in  the  thirteenth  century.  Revival 
of  the  arts.  Increase  of  knowledge.  New  conceptions  of  the  world.  Dante 
the  chief  figure  of  this  period. 

References. 
The  literature  relating  to  the  thirteenth  century  in  Italy  is  of  enormous 
extent,  and  to  master  it  is  a  study  for  years.    Even  to  make  a  satisfactory 
list  for  a  student  of  the  works  best  worth  his  reading  would  be  a  long  and 
'  difficult  task. 

In  the  following  notes  and  in  those  to  the  other  lectures  of  this  course, 
I  propose  to  mention  only  a  few  of  the  more  important  works,  and  for  the 
most  part  such  only  as  may  be  accessible  with  comparatiye  ease  to  the  general 
reader,  and  such  as  may  serve  as  an  introduction  to  further  studies. 

Milman's  Histoi-y  of  Latin  Chri.<itiatiity,  vols.  IV  and  Y,  affords  an  intelli- 
gent, interesting,  learned,  and  in  the  main,  accurate  account  of  the  conditions 
of  Europe  and  especially  of  Italy,  in  the  thirteenth  century. 

The  best  History  of  Italian  Literature  is  that  of  Gaspary  (2  vols.,  Svo.) 
either  in  the  original  German,  or  in  the  Italian  translation.  Bartoli's  Storia 
della  Letteratura  Italiana,  6  vols.,  12mo.,  the  last  vol.  published  in  1889,  may 
also  be  recommended,  but  it  is  diflfuse  and  the  judgment  of  the  author  is  less 
sound  than  that  of  Gaspary. 

The  book  with  a  similar  title  by  De  Sanctis,  2  vols.,  12mo.,  3d  ed.,  1879, 
is  of  value ;  but  is  not  free  from  the  faults  of  the  Italian  genius. 

Dante,  et  les  origines  de  la  Langue  et  de  la  Litt^rature  Italiennes,  par  M. 
Fauriel,  Paris,  18.54,  2  vols.,  8vo.,  was  an  excellent  book  in  its  time,  and  is 
still  worth  reading. 

For  Florence,  the  Chronicle  of  Giovanni  Villani  is  of  highest  interest  and 
importance  If  the  Chronicle  of  Dino  Comp.agni  were  what  it  professes  to 
be,  a  contemporary  record  of  events,  it  would  be  of  incomparable  worth ; 
and  tho'  it  be  of  doubtful  genuineness  it  is  still  of  value. 

The  Chronica  of  Fr.  Salimbene,  mainly  written  in  1284,  gives  a  most 
vivid,  naive  and  picturesque  image  of  the  conditions  of  northern  Italy. 

To  enter  into  the  religious  spirit  of  the  time  the  Fioretii  di  San  Francesco, 
and  the  Life  of  St.  Francis,  by  St.  Eonaventura,  should  be  read;  and  for  the 
religious  dogma  and  moral  philosophy  of  the  period,  the  Summa  Theologica 
of  St.  Thomas  Aquinas  is  indispensable. 

II.    Fridav,  March  30. 

The  New  Life. 
Florence  at  the  end  of  the  13th  century.    Dante  her  poet.   Autobiographic 
character  of  his  works.     Dramatic  unity  of  his  life  and  work.     The  story 


of  The  New  Life.    Its  literary  character.    Analysis  of  it,  and  extracts  from  it. 

Development  of  Dante's  genius.     The  nature  of  Love.    The  idealization  of 

Beatrice.    Her  death.    The  comp.-issionate  lady.    The  end  of  the  New  Life. 

The  literal  and  the  imaginative  reality  of  the  New  Life.     The  artificial 

construction  of  the  book.     Its  true  meaning.     The  character  of  Dante  as 

shown  in  it. 

References. 

The  best  editions  of  La  Vita  Nuova  are  those  by  Witte,  Leipzig,  1876 ;  by 
Giuliani,  Firenze,  1883;  by  cFAncona,  Pisa,  1884,  and  by  Casini,  Firenze, 
1885,  and  subsequently. 

Much  has  been  written  about  this  little  book,  but  not  much  that  deserves 
reading. 

Boccaccio  in  his  Vila  di  Dante  and  in  his  Comento  gives  an  account  of 
Beatrice,  which,  so  far  as  it  is  not  derived  from  the  New  Life  itself,  is  little 
to  be  trusted,  but  should  be  read  as  being  the  generally  accepted  tradition 
concerning  her. 

On  the  donna  pietosa,  and  the  reconciliation  of  the  conflicting  narratives 
of  the  Vila  Nuova  and  the  Convilo,  there  is  an  excellent  essay  by  Professor 
G.  R.  Carpenter,  of  Columbia  College,  published  in  1889,  in  connection 
with  the  Eighth  Annual  Report  of  the  Dante  Society,  Cambridge,  Mass. 

Mr.  Lowell  in  his  Essay  on  Dante,  and  Carducci  in  his  Delle  Rime  di  Dante, 
(originally  published  in  1865,  and  reprinted  in  his  Studi  Letterari,  Bologna, 
1893)  treat  of  the  Vita  Nuova  with  poetic  sympathy  and  insight. 

It  is  in  many  respects  fortunate  that  little  is  known  concerning  the  life  of 
Dante  but  what  he  himself  tells  us.  Mr.  Lowell  in  his  es.say  gives  a  com- 
pendious account  of  it.  Dante  and  his  early  Biographers  (London,  1890), 
by  the  Rev.  Dr.  Edward  Moore,  Principal  of  S.  Edmund  Hall,  Oxford, 
the  most  eminent  living  English  scholar  of  Dante,  is  an  interesting  and 
valuable  study  of  the  original  external  sources  of  information  concerning 

his  life. 

III.    Monday,  April  2. 

The  Prose  Works  of  Dante  and  their  Relation  to  the  Divine  Comedy. 
The  double  nature  of  Dante's  life.  Unity  of  his  character,  and  of  his 
work.  The  welfafe  of  man,  his  object.  His  public  life  after  the  death  of 
Beatrice.  His  treatise  De  il/onaicAia.  His  exile.  His  CoTiOTto;  its  object. 
Its  relation  to  the  Divine  Comedy.  The  scheme  of  the  Divine  Comedy. 
Familiarity  of  its  general  conception,  novelty  of  its  treatment.  Its  in- 
tention and  significance.     Its  cosmology.    Its  theology.     Its  style. 

References. 

There  is  no  entirely  satisfactory  edition  of  Dante's  Minor  Works.  That 
of  Fraticelli,  Firenze,  1856  (and  since  reprinted),  in  three  vols.,  small  8vo., 
is  convenient  and  easily  procured. 

An  edition  of  Dante's  complete  works  in  a  single  volume,  edited  by  the 
Rev.  Dr.  Moore,  is  soon  to  be  issued  from  the  Clarendon  press,  and  will  un- 
questionably atTord  a  much  better  text  of  the  prose  works  than  any  hitherto 
published.     It  will  be  a  great  boon  to  the  student. 

Of  translations,  that  of  the  De  Monorchia,  by  R.  W.  Church,  London,  1879, 
of  the  Convilo  by  Katharine  Hillard,  London,  1889,  may  be  recommended, 
as  may  that  of  the  Canzoniere  by  Charles  Lyell,  London,  1835,  and  of  the 
Letters  of  Dante  by  C.  S.  Latham,  Cambridge,  Mass.,  1891. 

IV.     Wednesday,  April  4. 
The  Divine  Comedy. — Hell. 

Dante's  conception  of  his  work.  Contrast  between  his  outward  and  his 
inner  life.  Qualities  of  character  manifest  in  the  conception  and  execu- 
tion of  the  Divine  Comedy. 

Date  of  his  journey  thro'  the  spiritual  realms.  Narrative  of  the  intro- 
ductory canto  to  Hell.  Its  allegoric  and  spiritual  significance.  Virgil  and 
Beatrice.  The  first  circles  of  Hell.  The  nature  of  its  punishments.  Mis- 
interpretation of  Dante's  character.  The  City  of  Dis.  The  division  of  the 
sinners  without  and  within  its  walls.  The  lower  circles  of  Hell.  The 
frozen  souls.    Dis.    Escape  from  Hell. 

References. 

The  most  useful  edition  of  the  Divine  Comedy  for  students  proposing  to 
make  a  careful  study  of  the  poem  is  that  of  Scartazzini,  with  notes  in  Italian, 
3  vols.,  and  Prolegomeni,  1  vol.,  Leipzig,  1874-1890. 

The  English  reader  mil  find  Mr.  Longfellow's  comment  of  great  service, 
but  it  leaves  many  points  of  interest  tmtouched. 
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More  is  required  than  any  single  comment  affords,  and  among  the  books 
which  may  be  commended,  but  which  must  be  read  with  discrimination,  are : 
A  Shadow  vf  Dante,  by  Miss  M.  I*".  Rossctti,  London,  1871  ;  A  Companion  lo 
Dante  from  the  German  of  .Scartaz/.ini,  by  A.  J.  Butler,  London,  1893  (valu- 
able, but  with  much  questionable  speculation  and  interpretation);  Dante's 
Divine  Comedy,  its  Scope  and  Value,  by  Hettinger,  translated  by  Bowden, 
London,  1887  (interesting,  but  not  always  trustworthy);  the  essays  on 
Dante  by  Lowell,  Church,  Caird  and  Carlyle,  in  their  respective  works. 

The  history  of  the  text  of  the  Divine  Comedy  is  told  by  Karl  Witte  in 
the  Prolegomeni  to  his  admirable  edition,  Berlin,  18G2,  4to.  And,  in  addi- 
tion to  this,  every  student  of  the  text  must  have  recourse  to  Dr.  Moore's 
important  work  on  The  tezlual  criticism  of  the  Divine  Comedy,  Cambridge, 
Eng.,  1889,  8vo. 

The  Vocabotario  Dantesco,  of  Blanc,  Leipzig,  1852, 8vo.  (of  which  an  edition 
in  English  is  needed),  translated  into  Italian  by  Carbone,  Florence,  18.'59, 
and  the  Concordance  of  the  Dtvina  Commedia,  by  Professor  E.  A.  Fay,  8vo., 
1888,  published  by  Ginn  &  Co.,  Boston,  for  The  Dante  Society,  Cambridge, 
Mass.,  are  indispensable  to  the  student. 

V.    Friday,  April  6. 

The  Divine  Comedy. — Purgatory. 

The  teaching  of  the  Church  in  regard  to  Purgatory.  Character  of  the 
doctrine.  The  position  and  local  features  of  Purgatory.  Nature  of  the 
sufferings  experienced  within  it.  Bodily  semblance  of  the  shades  in 
Purgatorj'. 

The  entrance  of  Dante  and  Virgil  into  Purgatory,  and  their  first  experi- 
ences within  it.  Change  of  sentiment  and  poetic  tone.  The  meeting  with 
Cassella.  Significance  of  his  song.  The  Ante-Purgatory.  The  gate  of 
Purgatory.  Justification  and  the  sacrament  of  penitence.  The  ascent  of 
the  ledges  of  Purgatory.  The  meeting  with  Forese  Donati  and  Bonagiunta 
da  Lucca.  Common  misinterpretation  of  their  words.  The  character  of 
Dante  as  illustrated  by  them.  Passage  from  Purgatory  to  the  Earthly 
Paradise.  Last  words  of  Virgil.  The  Earthly  Paradise.  The  apocalyptic 
Triumph  of  the  Church.  Appearance  of  Beatrice.  Her  address  to  Dante. 
Her  unveiling.    Her  exaltation. 

Referents. 

As  to  the  doctrine  of  Purgatory,  held  by  the  Church  in  the  thirteenth 
century,  that  part  of  the  Traclatus  de  Eesurreeiione  of  St.  Thomas  Aquinas, 
should  be  read  which  relates  to  it ;  Summa  Theologica,  Suppl.  qu.  Ixix,  Ixxii. 


The  treatise  contains  much  else  of  great  importance  in  illustration  of  the 
theology  of  the  Divine  Comedy. 

The  comment  of  Philalethes,  King  John  of  Saxony,  accompanying  his 
translation  of  the  poem  is  of  value  from  its  general  intelligence  and  its 
numerous  citations  from  the  .schoolmen. 

But  the  most  important  comments  for  the  student  are  those  of  the  four- 
teenth century,  especially  that  in  Latin  of  Benvenutus  de  Imola,  and  that 
in  Italian  by  Francesco  da  Buti.  In  his  Readings  of  the  Purgatory  of  Dante, 
2  vols.,  12mo.,  Ijondon,  1889,  the  Hon.  W.  W.  Vernon  l^s  closely  followed 
and  translated  Benvenuto's  comment,  to  the  great  benefit  of  readers  un- 
aajuainted  with  Latin. 

In  the  Dante- Forschungen,  2  vols.,  8vo.,  Halle,  1869-79,  of  Karl  Witte,  the 
most  eminent  of  the  scholars  of  Dante,  is  an  easay  which  should  be  read  on 
"  Dante's  Sunden-system  in  HoUe  und  Fegefeuer." 

The  Juhrbuch  der  deutschen  Dantegesellschaft,  1869,  ii,  99-150,  contains  a 
paper  worth  reading  by  Scartazzini  on  "Dante's  Vision  im  irdischen  Para- 
diese,"  followed,  pp.  157-168,  by  one  on  the  same  subject  by  L.  Witte. 

VI.  Monday,  April  9. 
The  Divine  Comedy. — Paradise. 
The  nature  of  the  theme.  Its  difficulty.  Dante's  mode  of  dealing  with 
it.  The  general  allegory  of  this  portion  of  the  Divine  Comedy.  Beatrice 
as  the  guide  of  Dante.  Ascent  thro'  the  spheres  of  Heaven,  and  discourse 
with  the  spirits  of  the  redeemed.  The  rose  of  Paradise.  The  consummation 
of  the  vision.     Conclusion. 

References. 

The  index  to  the  SumEia  Theologica  of  St.  Thomas  Aquinas,  under  the 
heads,  Beati,  beatiludo,  caelum,  angelus,  and  Deus,  will  open  the  way  to  an 
understanding  of  the  theological  doctrine  of  this  portion  of  the  Divine 
Comedy. 

The  writings  in  regard  to  Beatrice  are  innumerable,  but  few  of  them  are 
worth  reading.  La  Beatrice  di  Dante,  by  Gabriele  Rossetti,  Londim,  1842, 
tho'  the  writer's  general  theory  is  fantastic,  contains  many  acute  and  sympa- 
thetic passages. 

The  select  bibliographical  lists  in  Scartazzini's  Prolegomeni,  the  omission 
of  which  in  Mr.  Butler's  translation  is  to  be  regi'etted,  may  be  of  great  use 
to  the  student  in  directing  him  to  sources  of  information. 

The  Dizionario  Dantesco  of  Poletto,  Siena,  1885-87,  7  vols.,  12mo.,  and  the 
Enciclopedia  Duntesca  of  Ferrazzi,  Bassano,  1865-77,  5  vols.,  12mo.,  will  often 
be  found  extremely  useful. 


OBITUARY. 


Dr.  Waltek  Lefevre  died  in  Baltimore,  February  2, 1894.  Dr.  Lefevre 
was  a  Fellow  by  Courtesy  of  this  University  in  1889-90.  He  graduated 
from  the  Baltimore  City  College  in  1878,  received  the  degree  of  Master  of 
Arts  from  the  University  of  Virginia  in  1882,  and  the  degree  of  Doctor 
of  Philosophy  from  the  University  of  Heidelberg  in  1889.  He  had  been 
for  four  years  Adjunct  Professor  of  Philosophy  and  Political  Science  in  the 
University  of  Texas. 

At  a  mass  meeting  of  the  students  of  the  University  of  Texas  the  following 
resolutions  were  adopted : 

Resolved:  First, — That  we  humbly  bow  in  sorrowful  submission  to  the 
will  of  the  Almighty  in  taking  from  us  a  kind  and  faithful  friend,  from  the 
University  a  brilliant  and  zealous  instructor,  and  from  his  family  a  loving 
and  dutiful  member. 

Second, — That  we  extend  our  heart-felt  sympathy  to  the  bereaved  family 
in  this  their  hour  of  trial  and  darkest  affliction. 

Third, — That  a  copy  of  these  resolutions  be  published  in  The  Austin 
Statesman,  the  Baltimore  Sun,  the  Johns  Hopkins  University  Circulars, 
and  the  Texas  University  Magazine. 

W.  O.  Stephens,  Jesse  Andrews,  James  Morrison. 

Mr.  Arthur  Lacy  Reese  died  in  Baltimore,  March  12,  1894.  Mr. 
Reese  entered  this  University  as  a  special  student  in  October,  1890,  and 
received  a  certificate  of  proliciency  in  Electrical  Engineering  in  June, 
1893.  He  had  been  for  some  months  manager  of  the  electric  plant  of  the 
Maryland  Steel  Company  at  Sparrow's  Point,  and  his  death  was  caused  by 
a  shock  from  an  electric  wire. 

Mr.  Benjamin  C.  Hinde  died  in  Columbia,  Mo.,  February  6, 1894.  He 
was  a  graduate  student  of  Chemistry  in  this  University  from  1888  to  1890. 
During  the  year  1890-91  he  taught  in  the  State  Normal  College  at  War- 
rensburg,  Mo.     He  next  became  Professor  of  Physics  in  Trinity  College, 


N.  C,  a  position  which  he  held  at  the  time  of  his  death.     He  spent  the 
year  1892-93  at  Clark  University,  as  an  Assistant  and  Fellow  in  Physics. 

Frederick  D.  Westerfeld,  for  many  years  the  trusted  engineer  in 
charge  of  the  heating  apparatus  of  the  University  buildings,  died  on  Fri- 
day, April  20,  1894j  aged  43  years. 
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Photographic  Map  of  the  Normal  Solar  Spectrum, 


MADE    BY 

Professor  H.   A.   ROWLAND, 


These  photographs  of  the  solar  spectrum  were  made  in  the 
Physical  Laboratory  of  the  Johns  Hopkins  University.  Several 
concave  gratings,  of  6  inches  diameter  and  21 2  feet  radius,  having 
10,000  or  20,000  lines  to  the  inch,  were  used  for  the  purpose. 
The  process  of  making  this  map  is  the  well  known  Rowland 
method,  and  is  based  on  the  property  of  the  concave  grating  as 
discovered  by  Professor  Rowland. 

As  to  comparison  with  other  maps  of  the  spectrum  made  by 
measurement  and  drawing,  it  may  be  said  that  no  comparison  is 
possible.  The  photograph  is  the  work  of  the  sunlight  itself,  and 
the  user  of  this  map  has  the  solar  spectrum  itself  before  him,  and 
not  a  distorted  drawing  full  of  errors  of  wave  length  and  of  inten- 
sity. The  superiority  is  so  great  that  there  is  no  possibility  for 
comparison. 

The  following  is  a  list  of  the  plates : 


a  from  wave  length  3000  to  3330 
b     "        "  "      3270  10  3730 

c     "        "  "      3670  to  4130 

d    "        "         "       4050  to  4550 
e    "        "         "      4450  to  4950 


f  from  wave  lengtli  4850  to  5350 
g    "        "  "      52.50  to  5750 

h     "        "  "      5650  to  6150 

i     "         "  "      6050  to  6550 

j     "        "         "      64.50  to  6950 


The  plates  will  be  delivered  in  Baltimore  or  New  York  or  will 
be  sent  by  express  or  mail,  securely  packed,  at  the  charge  and 
risk  of  the  purchaser,  at  the  following  net  prices : 

Set  of  ten  plates,  wave  length  3000  to  6950,  $20  00 
Single  plates,     ------        2  50 

Should  any  extra  plates  continuing  the  spectrum  in  either  direc- 
tion be  published,  subscribers  can  have  them  at  $2.00  each. 

Extra  Plates. — Two  plates  have  been  made  of  the  B  and  D  lines. 
The  latter  are  3  inches  apart,  and  the  former  has  an  extent  of 
about  24  inches.  Two  enlargements  of  some  of  the  carbon  bands 
from  the  arc  electric  light  have  also  been  made.  They  show  the 
wonderful  structure  of  these  bands,  each  containing  many  hun- 
dred lines,  each  one  of  which  is  a  close  double  or,  in  some  cases, 
a  triple.  These  plates  will  be  sold  for  $2.25  each,  unmounted, 
or  for  $2.50  mounted  on  cloth.  .., 


Memoirs  from  the  Biological  Laboratory  of  the  Johns  Hopkins  University. 

THE  GENUS  SALPA, 

A    MONOGRAPH    WITH    FIFTY-SEVEN    PLATES 

By  WILLIAM   K.   BROOKS,   Ph.  D.,   LL.  D., 

Professor  in  the  Johns  Hopkins  University  and  Director  of  its  Marine  Laboratory, 

WITH   A  SUPPLEMENTARY   PAPER   BY^   MAYNARD   M.   METCALF, 

Fellow  of  the  Johns  Hopkins  University. 


The  Johns  Hopkins  Press  has  now  ready  the  Memoir  on  the 
Genus  Salpa  by  Professor  W.  K.  Brooks.  It  is  issued  in  two 
volumes,  one  volume  of  text  with  three  hundred  and  ninety-six 
pages  large  quarto,  and  one  volume  with  fifty-seven  large  colored 
plates.  The  memoir  is  based  for  the  most  part  upon  material 
collected  by  the  United  States  Fish  Commission. 

TABLE  OF  CONTENTS. 

Part  I. — A  General  Account  of  the  Life  History  of  Salpa. — 
Chapter  I.  Introductory.  Chapter  II.  The  Development  of  the 
Solitary  Salpa  from  the  Egg.  Chapter  III.  The  Morphological 
Significance  of  the  Salpa  Embryo.  Chapter  IV.  The  Origin  of 
the  Proliferous  Stolon.  Chapter  V.  The  Transformation  of  the 
Stolon  into  the  Series  of  Aggregated  Salpre. 

Part  II. — The  Systematic  Affinity  of  Salpa  in  its  relation  to 
the  Conditions  of  Primitive  Pelagic  Life;  The  i'hylogeny  of  the 


Tunicata ;  and  the  Ancestry  of  the  Chordata. — Chapter  VI. 
The  Systematic  Position  of  Salpa.  Chapter  VII.  Salpa  in 
its  Relation  to  the  Evolution  of  Life.  Chapter  VIII.  The 
Origin  of  the  Chordata,  considered  in  its  Relation  to  Pelagic 
Influences. 

Part  III. — A  Descriptive  and  Critical  Discussion  of  the  Asex- 
ual and  Sexual  Development  of  Salpa. — Chapter  IX.  The  Origin 
and  Maturation  of  the  Egg  of  Salpa.  Chapter  X.  Sex  in  Salpa. 
Chapter  XI.  The  Fertilization  and  Segmentation  of  the  Egg. 
Chapter  XII.  The  Accessory  Parts  of  the  Embryo.  Chapter 
XIII.  The  Follicle  and  the  Placenta.  Chapter  XIV.  The 
Ontogeny  of  the  Organs  of  Salpa. 

Part  IV.— By  M.  M.  Metcalf  The  Eyes  and  Subneural 
Gland  of  Salpa. 


The  edition  is  limited, 
at  $7.50  net. 


The  price  for  the  two  volumes  is  fixed 
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